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Description 



[0001] This is a continuation-in-part of co-pending United States Application Serial No. 09/135.946, filed August 18, 
1998, which is a continuation-in-part of 08/809,145, filed March 26, 1 997, the national stage of International Application 
PCT/IB95/00689, filed August 24. 1995, now U.S. Patent 5.852.031. issued December 22, 1998. PCT/IB95/00689 is 
a continuation of United States Application Serial No. 08/315,470, filed September 30; 1994, now abandoned. 
[0002] Compounds of this invention have affinity for serotonin (5HT) receptors, especially the serotonin la receptor 
(5HT^ a)> sre therefore useful for treatment of diseases or conditions which are caused by disorders of the serotonin 
system. 

Background of the Invention 

[0003] The present invention relates to the use of pharmacotogically active 2,7-substituted octahydro-IH-pyrido 
[1.2-a]pyrazlne derivatives, and their acid addition salts. The compounds of this invention are ligands for serotonin 
receptor subtypes, especially the SHTi^^ receptor, and are therefore useful in the treatment of disorders that can be 
treated by altering (Le,, increasing or decreasing), serotonin mediated neurotransmission. 

[0004] The pharmacologically active 2.7-substituted octahydro-1 H-pyrido[1 ,2-a]pyrazlne derivatives of the formula 
I, as defined below, are also ligands for dopamine receptor subtypes, especially the dopamine D4 receptor. Th^y are 
useful in treating conditions or disorders, schizophrenia for example, that can be treated by altering (le., Increasing or 
decreasing) dopamine mediated neurotransmission. The dopamine receptor binding activity of these corppounds is 
described in more detail In U.S. Serial No. 08/809, 1 45. supra, now U.S. Patent 5,852.031 . This application (08/809,145) 
is incorporated herein by reference in its entirety. 

[0005] Serotonin plays a role in several psychiatric disorders, including anxiety, Alzheimer's disease, depression, 
nausea and vomiting, eating disorders, and migraine. (See Rasmussen et aL. "Chapter 1 . Recent Progress in Serotonin 
(5HT)^ A Receptor Modulators", in Annual Reports in Medicinal Chemistrv. Section 1 . 30. pp. 1-9. 1995, Academic Press, 
Inc.; /Vntigas et al. . Trends Neurosci.. 19 (9). 1996, pp. 378-383; and Wolf et aL, Drug Development Research. 40. 
1 997, pp. 1 7-34.) Serotonin also plays a role In both the positive and negative symptoms of schizophrenia. (See Sharma 
et al.. Psvchlatric Annals .. 26 (2), February. 1996, pp. 88-92.) 

Summary of the Invention 

[0006] This invention relates to a method of treatment of diseases or conditions which are caused by disorders of 
the serotonin system which comprises administering to a mammal in need of such treatment a compound of the formula 



wherein Ar is phenyl, naphthyl, benzoxazolonyl, indolyl. Indolonyl. benzlmidazolyl, quinolyl, furyi; benzofuiyl, 
thienyl. benzothienyl, oxazolyl, benzoxazolyl; 

Ar^ Is phenyl, pyridlnyl. pyrldazlnyi, pyrimidlnyl, pyrazlnyl; 

A is O. S. SO. SO2. C=0, CHOH. or -(CRSR*)-; , 
nis 0. 1 or 2; 

each of Ar and Ar^ may be independently and optionally substituted with one to four substituents Independently 
selected from the group consisting of fluoro. chloro, bromo, lodo, cyano, nitro, thiocyano, -SR, -SOR. -SO^R. 
-NHSOgR. -(C^-C6)alkoxy. -NR1R2 -NRCORi, -CONR1r2 Ph. -COR. GOOR, -(Ci-C6)alkyl, trifluororhethoxy. and 
-(Ct-C5)alkyi substituted with one to six halogens, -(C3-Cg)cycloalkyl, or trifluoromethoxy; 
each and every R, R^ and R^ is independently selected from the group consisting of hydrogen. -(Ci-Cejalkyl, -(C,- 
Cg)alkyl substituted with one to thirteen halogens selected from fluorine, chlorine, bromine and iodine, phenyl, 
benzyl, (Cg-Cgjalkenyl, -(C3-C6)cycloalkyl. and -(Ci-C6)alkoxy; 

each and every R^ and R* Is independently selected from a group consisting of hydrogen, methyl, ethyl, /hpropyl, 
and ^propyl; 

diastereomeric and optical Isomers thereof; and 
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pharmaceutically acceptable salts thereof. 

[0007] This invention also provides a method of treatment of a disease or condition which is caused by a disorder 
of the serotonin system or a disorder of the dopamine system which comprises administering to a mammal in need of 
such treatment a compound of the formula 



wherein Ar is phenyl, naphthyl, benzoxazolonyl, indolyl,. Indolonyl, benzimidazolyl, quinotyl. furyl, benzofuryl, 
thienyl, benzothienyl, oxazolyl, benzoxazolyl; 

Ar^ is phenyl, pyridinyl, pyridazinyl, pyrlmidinyl, pyrazlnyi; 
A is O. S, SO, SO2, C=0, CHOH, or -(CRW)s 
n is 0, 1 or 2; 

each of Ar and Ar^ may be independently and optionally substituted with one to four substituents independently 
selected from the group consisting of fluoro. chloro, bromo, iodo, cyano. nitro, thiocyano, -SR, -SOR. -SP2R, 
-NHSO2R, -(Ci-C6)alkoxy, -NR^RS, -NRCORi, -CONRm^ Ph, -CXDR, COOR, -(Ci-Cejalkyl. trifluoromethoxy. and 
•(Ci-Cgjalkyl substituted with one to six halogens, -(C3-Ce)cycloalkyl, or trifluoromethoxy; 
each and every R, Ri , and R^ is independently selected from the group consisting of hydrogen, -(Ci-CelalkyI, -(C^- 
C6)alkyl substituted with one to thirteen halogens selected from fluorine, chlorine, bromine and iodine, phenyl, 
benzyl, -(C2-Ce)alkenyl. -(Cg-CejcycloalkyI, and -(0^ -Cejaikoxy; 

each and every R^ and R^ is independently selected from a group consisting of hydrogen, methyl, ethyl, /^propyl. 
and Apropyl; or a 

diastereomeric or optical Isomers thereof; or a 

pharmaceutically acceptable salt thereof; In an amount effective to treat said disease or condition. 

[0008] This invention also provides a method of treating a disorder or condition selected from the group consisting 
of migraine, headache, cluster headache, anxiety, depression, dysthymia, major depressive disorder, panic disorder, , 
obsessive-compulsive disorder, posttraumatic stress disorder, avoidant personality disorder, borderline personality dis- 
order, phobia, a disorder of cognition, a memory disorder, a learning disorder (including age related memory disorder) 
a neurodegenerative disease (including Alzheimer's disease), anxiety and/or depression associated with senile de- 
mentia or Alzheimer's disease, cancer (including prostate cancer), cerebral Infarct (including that caused by stroke, 
ischemia or traumatic head injury), a sexual disorder, dizziness, an eating disorder, pain, chemical dependency or 
addiction, peptic ulcer, and attentksn deficit hyperactivity disorder in a mammal, comprising administering to said mam- 
mat an amount of a compound of the formula 



Ar^ is phenyl, pyrkiinyl. pyridazinyl, pyrlmidinyl, pyrazlnyi; 
A is O, S. SO, SO2, C=0, CHOH. or -(CR3r4).; 
n is 0, 1 or 2; 

each of Ar and Ar^ may be independently and optionally substituted with one to four substituents independently 





wherein Ar is phenyl, naphthyl, benzoxazolonyl, Indolyl. indolony I. benzimidazolyl, quinolyl, furyl, benzofuryl, 
thienyi; benzothienyl, oxazolyji benzoxazolyl;- . ^ 
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selected from the group consisting of fluoro, chloro, bromo, iodo, cyano, nitro, thiocyano, -SR, -SOR, -SO2R, 
-NHSO2R. -(Ci-C6)alkoxy. -NRiR2, -NRCORI. -CONRiR2 Ph, -CXDR, COOR. -(C^-Cejalkyl. trlfluoromethoxy. and 
-{OyC^)a\k^\ substituted with one to six halogens, -(C3-C6)cycloalkyl, or trifluoromethoxy; 
each and every R, Ri , and R2 (s independently selected from the group consisting of hydrogen, -(C^ -Ce)alky I, -{C^ - 
s C6)alkyl substituted with one to thirteen halogens selected from fluorine, chlorine, bromine and iodine, phenyl, 

benzyl, -(C2-C6)alkenyl, -(CgrCgjcycloalkyl. and -(Ci-C6)alkoxy; 

each and every R3 and R* is Independently selected from a group consisting of hydrogen, methyl, ethyl, />propyl, 
and ^propyi; or a 

diastereomeric or optical isomers thereof; or a 
10 phannaceutically acceptable salt thereof; effective to treat said disorder or condition. 

[0009] In one embodiment of this method, the disorder or condition being treated is migraine, headache, or cluster 
headache. 

[0010] In another embodiment, the disorder or condition being treated is anxiety, depression, dysthymia, major de- 
pressive disorder, panic disorder, obsessive-compulsive disorder, posttraumatic stress disorder, avoidant personality 
disorder, borderline personality disorder, or phobia. 

[001 1] In another embodiment, the disorder or condition being treated is a disorder of cognition, a memory disorder, 
a learning disbirder (Including age related memory disorder), or a neurodgeneratlve disease (including Alzheimer's 
disease). In another embodiment, the disorder Is a learning disorder other than age related memory disorder In a 
further embodiment, the disorder or condition is a neurodegenerative disease other than Alzheimer's disease. In still 
a further embodiment, the disorder or condition being treated is anxiety and/or depression associated with senile de- 
mentia or Alzheimer's disease. 

[0012] In another embodiment of this method, the disorder or condition being treated is cancer. In one embodiment 
the cancer is prostate cancer; in another embodiment the cancer is a cancer other than prostate cancer 
[0013] In another embodiment, the disorder or condition being treated is cerebral infarct. The cerebral Infarct can be 
a cerebral infarct caused by stroke, ischemia or traumatic head injury, or the cerebral infarct can have another cause. 
[0014] In other embodiments of this method, the disorder or condition being treated is a sexual disorder, dizziness, 
an eating disorder, pain, chemical dependency or addiction, attentton deficit hyperactivity disorder (ADHD), or peptic 
ulcer. 

[0015] In another embodiment of this method, the condition is cerebral Infarct and the compound of formula 1 is 
administered in combination with a SHT^ antagonist. 

[0016] This invention also provides the above-recited methods, wherein the compound of formula I is administered 
In combination with a serotonin reuptake inhibitor 

[0017] This invention also provides a method of imaging an organ In a mammal, comprising administering to said 
mammal a radioactive form of a compound of the formula 



40 




^ wherein Ar is phenyl, naphthyl, benzoxazolonyl, indolyl, indolonyl, benzimidazolyl, quinolyl, furyl, benzofuryl, 

thienyl, benzothienyl, oxazolyl. benzoxazolyl; 

Ar! is phenyl, pyrkJinyl, pyrldazinyl, pyrimidinyl. pyrazinyl; 
A is O. S, SO, SO2. C=0, CHOH, or -(CR3R4)-; 
50 n is 0, 1 or 2; 

each of Ar and Ar^ may be independently and optionally substituted with one to four substituents Independently 
selected from the group consisting of fluoro, chtoro. bromo, iodo, cyano, nitro. thiocyano, -SR, -SOR, -SO^R, 
-NHSOgR, -{Ci-C6)alkoxy, -NR1R2 -NRCORi, -CONR1R2, Ph, -COR, COOR, -(Ci-Ce)alkyl, trifluoromethoxy, and 
-(Ci-C6)alkyl substituted with one to six halogens, -(C3-C6)cycloalkyl, or triflouromethoxy; 
55 each and every R, R^ , and R2 is independently selected from the group consisting of hydrogen, -(Ci -Cgjalkyl, -(Ci - 
Ce)alkyl substituted with one to thirteen halogens selected from fluorine, chbrine. bromine and iodine, phenyl, 
benzyl, -(C2-Ce)alkenyl, -(C3-C6)cycloalkyl, and -(Ci-C6)alkoxy; 

each and every R3 and R* is independently selected from a group consisting of hydrogen, methyl, ethyl, Ahpropyl, 
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and ^p^opyl; or a 

diastereomeric or optical isomers thereof; or a 

pharmaceuticaliy acceptable salt thereof; 

and detecting the emissions of the radioactive compound. 

[0018] This invention also provides a method of imaging an organ in a mammal, comprising administering to said 
mammal a compound of the formula 



wherein Ar is phenyl, naphthyl, benzoxazolonyl, indolyl, indolonyl, benzimidazolyl, quinolyl, furyl, benzofuiyl, 
thienyl, benzothlenyl, oxazolyl, benzoxazolyl; 

Ar^ is phenyl, pyridinyl, pyridazinyl. pyrimidinyl, pyrazinyl; 
A is O, S, SO, SO2, C=0, CHOH. or -(CR^R^)-; 
n is 0, 1 or 2; 

each of Ar and Ar^ may be independently and optionally substituted with one to four substltuents independently 
selected from the group consisting of fluoro, chloro, bromo, iodo, cyano, nitro, thiocyano, -SR. -SOR, -SOgR. 
-NHSOgR, -(Ci-C6)alkoxy. -NRiR2, -NRCORI, -CONRiR2 Ph, -COR, COOR, -(Ci-Ce)alkyl, trifluoromethoxy, and 
-(Ci-C6)a!kyl substituted with one to six halogens. -(C3-Ce)cycloalkyl, or trifluoromethoxy; 
each and every R, Ri , and R^ is independently selected from the group consisting of hydrogen, -(Ci -Cgjalky I, -(Ci - 
Ge)alkyl substituted with one to thirteen halogens selected from fluorine, chlorine, bromine and iodine, phenyl, 
benzyl, -(Ca-Cgjalkenyl, -(Ca-CejcycloalkyI, and -(Ci-C6)alkoxy; 

each and every R3 and is independently selected from a group consisting of hydrogen, methyl, ethyl, n-propyl, 
and Ap ropy I; or a - . ^ 

diastereomeric or optical isomers thereof; or a 
pharmaceuticaliy acceptable salt thereof; 

[0019] in combination with a radioactive agent, and detecting the emissbns of the radioactive agent. 

[0020] In another embodiment, the compound of formula I of the methods of the invention is wherein Ar is phenyl, 

naphthyl, benzoxazolonyl, indolyl. indolonyl, benzimidazolyl, or quinolyl; Ar^ is phenyl, pyridinyl, pyridazinyl, pyrimidinyl, 

or pyrazinyl; A Is 0, 8, SC^, CHOH, or CH2, preferably 0, 8, or CH2; n is 0 or 1 ; and wherein Ar and Ar"" are independently 

and optionally substituted with up to three substltuents independently selected from the group consisting of fluoro, 

chloro, nitro, cyano, -NR1R2, -(C^ -Ce)a'koxy, -COOR. -CONR1R2, and -(Ci-C6)alkyl. In a more specific embodiment, 

Ar. Ari . A, and n are as defined in this paragraph, except for that Ar and Ar^ are not substituted with nitro. 

[0021] In another embodiment,' the compound of formula I of the methods of the invention is wherein Ar is optionally 

substituted phenyl; Ar^ is optionally substituted and is selected from phenyl, pyridinyl, and pyrimidinyl; A is O; and n is 1 . 

[0022] In another embodiment, the compound of formula I of the methods is wherein when A is O, n is 1 and Ar^ is 

5-fluoropyrimidin-2-yl, then Ar may not be p-fluorophenyl. 

[0023] In another embodiment, the compound of formula I in the methods of the invention is wherein A is O or 8, n , 
Is 1 , and Ar is phenyl or substituted phenyl. 

[0024] : In another embodiment, the compound of formula I In the methods of the inventfon is wherein A is CH2, and 
n is zero, and Ar is benzoxazolonyl or substituted benzoxazolonyl. 

[0025] : In another embodiment, the compound of formula I of the methods is wherein A is O, Ar is cyanophenyl, and 
Ari is chloropyridinyl or fluoropyrimidinyl. 

[0026] In another embodiment, the compound of formula I of the methods is wherein Ar^ is 5-fluroro-pyrimidin-2-yl. 

[0027] In another embodiment of the methods, Ar"" is 5-fluoro-pyrimidin-2-yl or pyrimidin-2-yl. 

[0028] In another embodiment.' the compound of formula I in the methods of the invention is selected from: 

(78,9aS)-7-((3-Methyl-phenbxy)methyl-2-(5-fluoropyrimidin-2-yl)-2.3,4.6.y,8,9,9a-oc^^ 
pyrazine; 

(7S,9aS)-7-(3-carbomethoxy-phenoxy)methyl-2-(5-fluoropyrimldin-2-yl)-2,3,4,6,7,8,9.9a-octahydro-1/+pyrldo 
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[1,2-a]pyrazlne; 

(7S.9aS)-7-(3-nitro-phenoxy)methyl-2-(5-fluoropyrimldin-2-yl)-2,3.4,6J.8,9,9a-^^ 
zine; 

(7S,9aS)-7-(3K:yano-phenoxy)methyl-2-(5-fluoropyrimidin-2-yl)-2,3,4.6J.8,9,9a-octah 
5 pyrazine; 

(7S, 9aS)-743-methoxy-phenoxy)methyl-2-(5-fluoropyrimldin-2-yl)-2,3,4,6 J,8,9,9a-octahyd H-pyrido[1 ,2-a] 
pyrazine; 

(7S,9aS)-7-(3^cetamido-phenoxy)methyl-2-(5-fluoropyrlmidin-2-yl)-2.3,4,6J,8,^ 
pyrazine; 

10 (7S,9aS)-7-(3-(1 . 1 -diniethyl)ethyl-phenoxy)nriethyl-2-(5-fluoropynmidln-2-yl)-2,3,4.6 J,8,9,9aK)ctah^ H-pyri- 
do[1.2-a]pyrazine; 

and pharmaceuticaily acceptable salts thereof . 
Detailed Description of the Invention . 

IS 

[0029] The term "treating", as used herein, refers to retarding or reversing the progress of, or alleviating or preventing 
either the disease, disorder or condition to which the temn "treating" applies, or one or more symptoms of such disorder 
or condition. The term treatment", as used herein, refers to the act of treating a disorder or condition, as the term 
"treating" is defined above. 

20 [0030] The temis "disease" and "condition", unless othenwise Indicated, encompass both chronic diseases and con- 
ditions, as well and diseases and conditions that are temporary in nature. A disease or condition treatable according 
to this invention can be one of sudden onset. A disease or condition covered by the present Invention can be genetic 
and/or environmental in origin. The origin of the disease or condition need not, however, be known, so long as a subject 
afflicted with the disease or condition can benefit from treatment with one or more compounds described herein. 

2S [0031] The term "disorders of the serotonin system", as referred to herein, refers to disorders, the treatnrient of which 
can be effected or facilitated by altering (Le., increasing or decreasing) serotonin mediated neurotransmission. 
[0032] The term "disorders of the dopamine system", as referred to herein, refers to disorders, the treatment of which 
can be effected or facilitated by altering (Le., increasing or decreasing) dopamine mediated neurotransmission. 
[0033] A "disease or condition caused by a disorder of the serotonin system or a disorder of the dopamine system" 

30 is. for purposes of this application, any disease or condition that has at least serotonin mediated neurotransmission or 
dopamine mediated neurotransmission as a contributing factor The disease or condition can have, but does not nec-. 
essarily have, both serotonin mediated neurotransmission and dopamine mediated neurotransmission as contributing 
factors. 

[0034] When a disease or condition Is said herein to be "caused" by a disorder of the serotonin system or a disorder 
3S of the dopamine system, this means that the disorder Is a contributing factor to the disease or condition. The disorder 
need not be the sole factor causing the disease or condition. 

[0035] The chemist of ordinary skill will recognize that certain combinations of substltuents may be chemically un- 
stable and will avoid these combinations or alternatively protect sensitive groups with well known protecting groups. 
[0036]. The term "alkyl", as. used herein, unless othenA^lse indicated, includes saturated monovalent hydrocarbon 
40 radicals having straight, branched or cyclic moieties or combinations thereof. 

[0037] The term "alkoxy", as used herein, unless otherwise indicated, refers to radicals having the fonmula -O-alkyI, 
wherein "alkyl" is defined as above. 

[0038] The compounds of fomnula I above contain chlral centers and therefore exist in different enantiomeric fonns. 
This inventton relates to all optical isomers and all other stereoisomers of compounds of the formula I and mixtures 
45 thereof. 

[0039] This invention also relates to a method of treating a disorder or condition that can be treated by altering (Le,, 
Increasing or decreasing) serotonin mediated neurotransmission in a mammal, including a human, comprising admin- 
istering to said mammal an amount of a compound of the formula I, as defined alx>ve, or a pharmaceuticaily acceptable 
salt thereof, that is effective in treating such disorder or condition. 

so [0040] Examples of depression that can be treated according to the invention described herein include, but are not 
limited to, dysthymia, major depressive disorder, pediatric depression, recurrent depression, single episode depression, 
post partum depression, depressbn in Parkinson's patients, cancer patients, and post myocardial infarction patients, 
and subsyndromal symptomatic depression. Examples of phobias that can be treated according to the invention de- 
scribed herein include, but are not limited to. social phobia, agoraphobia, and specific phobias. 

55 [0041] Examples of eating disorders that can be treated according to the invention herein include, but are not limited 
to, bulimia and anorexia nervosa. 

[0042] Examples of chemical dependency and/or addiction treatable according to the invention described herein 
include, but are not limited to, dependency on. and/or addiction to. alcohol, nicotine, cocaine, heroin, phenolbarbitol 
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or a benzodiazepine. 

[0043] Examples of sexual disorders that can be treated according to the invention described herein include, but are 
not linnited to, paraphilias, premature ejaculation, and sexual dysfunction. 

[0044] This invention also relates to any of the foregoing methods, wherein the compound of the formula 1, as defined 

s above, or phamiaceutically acceptable salt thereof, Is administered In combination with a serotonin reuptake Inhibitor 
(SRI) (e^. sertraline, fluoxetine, fenfluramine, or fluvoxamine). The term 'administered in combination with", as used 
herein, means that the compound of formula I or phamiaceutically acceptable salt thereof is administered In the form 
of a pharmaceutical composition that also contains an SRI, or that such compound or salt is administered in a separate 
pharmaceutical composition from that In which the SRI is administered, but as part of a dose regimen that calls for the 

10 administration of both active agents for treatment of a particular disorder or condition. 

[0045] This invention also relates to the above method of treating cerebral infarct such as that caused by stroke, 
ischemia or traumatic head injury in a mammal, wherein the compound of the formula I, as defined above, or pharma- 
ceutically acceptable salt thereof, is administered In combination with a 8erotonin-2 (SHTg) receptor antagonist (e.g. . 
ketanserin. pelanserin, pipamperone, spiperone, pirenperin or ritanserin) or a pharmaceutical ly acceptable salt thereof. 

IS Other 5HT2 receptor antagonists that can be used in the methods of this invention are referred to in U.S. Patent 
5,364,857. which issued on November15, 1994. This patent is incorporated herein by reference in its entirety 
[0046] The pharmaceutically acceptable acid addition salts of compounds of the formula I may be used, as referred 
to above, in the varraus methods of this Inventfon. The compounds of formula I are basic in nature and are capable of 
forming a wide variety of salts with various Inorganic and organic acids. The acids that may be used to prepare phar- 

20 maceutically acceptable acid addition salts of those compounds of formula I are those that form non-toxic acid addition 
salts, Le,, salts containing pharmacologically acceptable anions, such as the hydrochloride, hydrobromide, hydroiodide, 
nitrate, sulfate, bisulfate, phosphate, acid phosphate, isonicotlnate, acetate, lactate, salicylate, citrate, acid citrate, 
tartrate, pantothenate, bitartrate, ascorbate, succinate, maleate, fumarate, gluconate, giucaronate, saccharate, for- 
mate, benzoate, glutamate, methanesulfonate, ethanesulfonate, benzenesulfpnate, and p-toluenesulfonate. 

2S [0047] The term "one or more substituents", as used herein, includes from one to the maximum number of substit- 
uents possible based on the number of available bonding sites. 

[0048] Formula I above includes compounds kJentical to those deputed but for the fact that one or more atoms (for 
example, hydrogen, carbon or fluorine atoms) are replaced by radk)active Isotopes thereof. Such radiolabelled com- 
pounds are useful as research and diagnositic tools In. for example, metabolism studies, pharmokinetic studies and 
30 binding assays. 

[0049] ' This invention also relates to a method, such as positron emission tomography (PET), of obtaining images 
of a mammal, including a human.'to which a radiolabelled compound of the formula I. or pharmaceutically acceptable 
salt thereof, has been administered. 

[0050] The compounds of formula I that are employed in the present invention, being ligands for serotonin receptor 
3s subtypes, especially the SHT^f^ receptor, within the body, are accordingly of use in the treatment of disorders of the. 
serotonin system. 

[0051] The compounds of formula I and their pharmaceutbally acceptable salts (hereinafter also referred to, collec- 
tively, as the therapeutic compounds used in the methods of this Invention") can be prepared as described In U.S. 
Application Serial No. 08/809,145, now U.S. Patent 5,852.031 , supra, incorporated herein in its entirety by reference. 
40 [0052] Compounds of formula I In which one or more atoms are radioactive may be prepared by methods known to 
a person of ordinary skill in the art. 

[0053] For example, compounds of formula I wherein the radioactive atom Is tritium may be prepared by reacting an 
aryl halide Ar-X, wherein the halogen is chlorine, bromine or iodine, with gaseous and a nobel metal catalyst, such 
as palladium suspended on carbon, in a suitable solvent such as a lower alcohol, perferably methanol or ethanol. 
4S Compounds of formula I wherein the radioactive atom is ""^F may be prepared by reacting an aryl trialkyi stannane Ar- . 
SnRa, wherein R is lower alkyl, preferably methyl or n43Utyl, with ^8F-enriched fluorine (Fg), OF^ or CFgOOF in a suitably 
Inert solvent (cf M. Nannavari, ©fat, J. Fluonne Chem., 1995, 74, 113^. 

[0054] Compounds of formula I wherein the radtoactlveatom Is ^^C or may be prepared by reacting an aryl halide 
Ar-X, wherein X is preferably bromine or iodine, or an aryl trifluoromethane sulfonate (ArOS02CF3) with potassium 
so [iiC]cyanlde or potassium [^^Jcyanide and a nobel metal catalyst, preferably tetrakis(trlphenylphosphine)palladium. 
In a reaction Inert solvent such water or tetrahydrofuran, and preferably a mixture of water and tetrahydrofuran. (See 
Y. Andersson, B. Langstrom, d Chem. Soc, Perldn Trans. 1, 1994, 1395). 

[0055] The utility of radbactlve agents with affinity for 5HT^^ receptors for visualizing organs of the body either 
directly or indirectly has been documented in the literature. For example, C.-Y. Shiue ©fa/.. Synapse, 1997, 25, 147 
ss .and S. Houle etal, Can. NucL Med, Commun, 1997, 18, 1130, describe the use of 5HtiA receptor ligands to Image 
5HT^A receptors in the human brain using positron emission tomography (PET). The foregoing references are Incor- 
porated herein by reference In their entireties. 

[0056] The therapeutic compounds used in the methods of this invention can be administered orally, buccally. 
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transdermally (e.g. . through the use of a patch), parenterally or topically. Oral administration is preferred. In general, 
these compounds are most desirably administered in dosages ranging from about 1 mg to about 1000 mg per day, 
although variations may occur depending on the weight and condition of the person being treated and the particular 
route of administration chosen. In some Instances, dosage levels below the lower limit of the aforesaid range may be 

5 more than adequate, while in other cases still larger doses may be employed without causing any harmful side effect, 
provided that such larger doses are first divided into several small doses for administration throughout the day 
[0057] When used in the same oral, parenteral or buccal phamiaceutical composition as an SRI, the daily dose of 
the compound of formula I or pharmaceutically acceptable salt thereof will be within the same general range as specified 
above for the administration of such compound or salt as a single active agent. The daily dose of the SRI in such a 

10 composition will generally be within the range of about 1 mg to about 400 mg. 

[0058] When used In the same oral, parenteral or buccal pharmaceutical composition as a 5HT2 antagonist, the daily 
dose of the compound of formula t or pharmaceutically acceptable salt thereof will be within the same general range 
as specified above for the administration of such compound or salt as a single active agent. The daily dose of the 5HT2 
antagonist in such a composition will generally be within the range of about 0; 1 -1 0 parts by weight, relative to 1 .0 part 

IS by weight of the cornpound formula I, 

[0059] The therapeutic compounds used in the methods of this invention may be administered alone or in combination 
with pharmaceutically acceptable carriers or diluents by either of the two routes previously indicated, and such admin- 
istration may be carried out in single or multiple doses. More particularly, the therapeutic compounds used in the 
methods of this invention can be administered in a wide variety of different dosage forms, jje., they may be combined 

20 with various pharmaceutically acceptable inert carriers in the form of tablets, capsules, lozenges, troches, hard candies, 
powders, sprays, creams, salves, suppositories, jellies, gels, pastes, lotions, ointments, elixirs, syrups, and the like. 
Such can'iers include solid diluents or fillers, sterile aqueous media and various non-toxic organic solvents, for example. 
Moreover, oral phamrtaceutical compositions can be suitably sweetened and/or flavored. 

[0060] For oral administration, tablets containing various excipients such as microcrystalline cellulose, sodium citrate, 
2S calcium carbonate, dicalcium phosphate and glycine may be employed along with various disintegrants such as starch 
(and preferably corn, potato or tapioca starch), alginic acid and certain complex silicates, together with granulation 
binders like polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubrteating agents such as magnesium stea- 
rate, sodium lauryl sulfate and tak: are often very useful for tabletting purposes. Solid compositions of a similar type 
may also be employed as fillers ih gelatin capsules; preferred materials in this connection also include lactose or milk 
30 sugar as well as high molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are desired 
for oral administration, the active ingredient may be combined with various sweetening or flavoring agents, coloring 
matter or dyes, and, if so desired, emulsifying and/or suspending agents as welt, together with such diluents as water, 
ethanol, propylene glycol, glycerin and various like combinations thereof. 

[0061] For parenteral administration, solutions of a therapeutic compound used in the methods of the present inven- 
. 35 tion in either sesame or peanut oil or In aqueous propylene glycol may be employed. The aqueous solutions should 
be suitably buffered if necessary and the liquid diluent first rendered isotonic. These aqueous solutions are suitable 
for intravenous injection purposes. The oily solutions are suitable for intra-articular. intramuscular and subcutaneous 
injection purposes. The preparation of all these solutions under sterile conditions is readily accomplished by standard 
pharmaceutical technques well known to those skilled in the art. 

40 [0062]v Additionally it is also possible to administer the therapeutic compounds used in the methods of the present 
inventk^n topically when treating inflammatory conditions of the skin and this may preferably be done by way of creams, 
jellies, gels, pastes, ointnients and the like, in accordance with standard pharmaceutical practice. 
[0063] The activity of the compounds of the present inventk>n with respect to SHT^ ^ binding ability can be determined 
accordirig to the following procedure. Binding assays using membranes derived from He La cells expressing the human 

^ SHT^fi^ receptor or from membranes derived from rat brain tissue can be performed according to standard procedures. 
For example, HeLa ceils expressing the human SHT^a receptor can be grown in culture to confluence and then har- 
vested by replacing the media with phosphate-buffered saline containing 5 mM EDTA and centrifuging at 1000 x g for 
10 minutes at 4**C. The pellet is homogenized In a 50 mM Tris buffer containing 4 mM CaClg and having a pH of 7.7, 
using a Brinkman Polytron at setting 6 for 20 seconds and centrif uged at 48,000 x g for 1 0 minutes at 4^*0. Membranes 

so are stored frozen at -78'^ C until the time of assay. On the day of the experiment, the membranes are resuspended in 
a 50 mM Tris buffer (pH 7.7) containing 4 mM CaCl2 and 10 ^M pargyllne to a final tissue concentration of 2.5 mg/mL 
and added to test tubes containing an incubation buffer, var»us concentrations of test drug, and (^H]-B-OH-DPAT. Non- 
specific binding is defined in the presence of a saturating concentratbn of 5HT Assay tubes are incubated for 30 
minutes at 37'* C to attain equilibrium, and incubations are terminated by rapid filtration through Whatman GF/B filters 

ss using a Brandel cell harvester. The membranes are washed three times with 4 mL aliquots of an ice-coki buffer (without 
CaCl2 or pargyllne). Membrane-bound ligand is determined by liqukJ scintillation counting of the filters in Ready-Safe 
scintillation cocktail. The dissociation constant (K^,) for the radioligand, previously determined by saturation analysis, 
is used to calculate apparent K^'s by means of the Cheng-Prusoff equation (Cheng and Prusoff , 1 973). The IC50 con- 
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centrations (concentration of compound required to displace specific binding by 50%) can be calculated by linear 
regression analysis of the concentration-response curves from competition binding studies. The preferred compounds 
of this invention bind to the human SHT^a receptor with a Kj less than 6.0 micromolar 

[0064] The agonist and antagonist activities of the therapeutic compounds used in the methods of this invention at 

s 6-HT^ A receptors can be determined using a single saturating concentration according to the following procedure. Male" 
Hartley guinea pigs are decapitated the brain removed and the hippocampus is dissected out. The hippocampus is 
homogenized in a 5 mM HEPES buffer containing 1 mM EGTA (pH 7.5) using a hand-held glass-Teflon® homogenizer 
and centrif uged at 35,000 x g for 1 0 minutes at 4**C. The pellets are resuspehded in a 1 00 mM HEPES buffer containing 
1 mM EGTA (pH 7.5) to a final protein concentration of 20 ug of protein per tube. The following agents are added so- 

10 that the reaction mix In each tube contained 2.0 mM MgCl2, 0.5 mM ATP. 1.0 mM cAMR 0.5 mM IBMX, 10 mM phos- 
phocreatine, 0.31 mg/mL creatine phosphol^inase, 1 00 ^M GTP and 0.5^1 microcuries of p^pj-ATP (30 Ci/mmol: NEG- 
003 - New England Nuclear), incubation is initiated by the addition of tissue to siliconized microf uge tubes (in triplicate) 
at 30''C for 1 5 minutes. Each tube receives 20 \iL tissue, 1 0 \xl drug or buffer (at 1 0X final concentration), 1 0^L 32 nM 
agonist or buffer (at 10X final concentration), 20^iL forskolin (3 ^iM final concentration) and 40 jxl of the preceding 

IS reaction mix. Incubation is terminated by the addition of 1 00 mL 2% SDS, 1 .3 mM cAMP, 45 mM ATP solution containing 
40,000 dpm pH]-cAMP (30 Ci/mmol: NET-275 - New England Nuclear) to monitor the recovery of cAMP from the 
columns. The separation of p2p]-ATP and [32p]-cAMP is accomplished using the method of Salomon etal., Analytical 
Biochemistn/ . 1 974, 58, 541 -548. Radioactivity Is quantified by liquid scintillation counting. Maximal inhibition is defined 
by 1 0 ^iM (R)-8-OH-DPAT for 5-HT^ receptors. Percent inhibition by the test compounds is then calculated in relation 

20 to the inhibitory effect of (R)-8-OH-DPAT for 5-HTia receptors. The reversal of agonist Induced inhibition of forskolin- 
stimulated adenylate cyclase activity is calculated in relation to the 32 nM agonist effect. 

[0065] The dopaminergic activity of the compounds of formula I, in particular their D4 receptor binding ability can 
be determined as described In U.S. Application Serial No. 08/809,145, now U.S. Patent 5.852,031 , supra. 
[0066] The following Examples of therapeutic compounds of formula I useful in the present invention are provided 
2S solely for the purposes of illustiation and do not limit the invention which is defined by the claims. 

EXAMPLE 1 

(7R,9aS)-7*KPhonoxy)methyK2-pyrimidin-2-yl)-2,3A6,7,8,9,9a-oeM 
[0067] 



3S. 




40 



[0068] . Asolution of 0.385 g (1.55 mmol) of (7R.9aS)-7-hydroxymethyl-2-(pyrimidin-2-yl)-2,3,4,6,7. 8,9,9a-octahydro- 
<s 1 H-pyrldo[1 .2-a]pyrazine (Preparation 4). 0.220 g (2.34 nrimol) of phenol, and 0.488 g (1 .86 mmol) of triphenylphosphine 
in 30 mL of dry THF was treated with 0.324 g (1 .86 mmol) of diethyl azodicairboxylate, and the mixture stirred at 23^0 
for 16 h. The solvent was evaporated, the residue dissolved in ethyl ether and treated with HCI(g) in ether. The pre- 
cipitate was collected on a BQchnerfunnel, and washed with 1:1 etherethyiacetatethreetlmes. The solid was dissolved 
in water, basified with 1 M NaOH and extracted with chloroform. The organic layer was washed with 1 M NaOH (2x) 
so and water (1x), dried (magnesium sulfate), filtered and evaporated to give 0.310 g of (7R,9aS)-7-phenoxymethyl- 
2,3,4,6,7,8,9.9a-octahydro-2-pyrimldln-2-y[-1H^yridoi1,2-a]pyrazine. mp (-HCI) 203-205<*C. ^^C NMR (base, CDCI3): 
527.0. 29.0, 36.4, 43.6, 49.1, 54.9. 58.8. 60.8. 70.9, 109.8, 114.5. 120.6. 129.4. 157.7. 159.0. 161.5. HRMS calcdfor. 
C19H24N4O: 324.195. Found: 324.194. 

55 " • * • • 
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EXAMPLE 2 

7-<Substltuted-phenoxy)methyl-2-(pyrlmldln-2-yl)-2,3,4,6,7,8,9,0aK>etahydro-1^ 
S [0069] 
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IS ' 

[0070] Compounds of the above formula were prepared from isomers of 7-hydroxymethyl-(2-pyrimidin-2-yl)- 
2,3,4,6,7,8.9.9a-octahydrD-1 H-py rido[1 ,2-a]pyrazine (Preparation 4, US Pat 5, 1 22,525, and W092/1 3858) according 
to Example 1 , substituting the appropriate phenol. Purificatbn was generally accomplished by flash silica gel chroma- 
tography using mixtures of ethyl acetate and hexane or mixture of chlorotomn and methanol as the elutihg solvent. The 
20 stereo-chemical configuration, 7-(optionaily substituted phenoxy)methyl substituent, rhetting point of the monohydro- 
chloride salt, and high resolution mass spectral data are shown. U.S. Patent 5,122,525 is hereby incorporated in rts 
entirety into this application by reference. 

Example 2a . ' 

26 

[0071] (7SR,9aSR)-7-Phenoxymethyl; mp 119-122»C; Anal calcd for Ci9H24N40-HCi: C, 63.23; H, 6.98; N. 15.63. 
Found: C. 63.19; H. 7.30; N, 15.66. 

Example 2b 

so . 

[0072] (7R.9aR)-7-Phenoxymethy); mp 226-231 -C; HRMS calcd for C19H24N4O: 324.1 945, found: 324.1 920. 
Example 2c 

35 [0073] (7RS,9aSR)-7-{4-Fluorophenoxy)methyl; mp 263-266"C; HRMS calcd for C19H23FN4O: 342.1851. found: 
342.1796. 

Example 2d 

40 [0074] (7RS.9aSR)-7-((2.4-Difluoro)phenoxymethyl); mp 242.5-244'»C; HRMS calcd for Ci9H22F2N46: 360.1762. 
fourid: 360.1775. 

Example 2e 

4S [0075] (7RS,9aSR)-7-(3,4-Difluorophenoxy)methyl; mp 239-240»C; HRMS calc for C19H22F2N4O: 360. 1 762, found: 
360.1745. 

Example 2f 

so [0076] (7RS,9aSR)-7-{(3-Fluoro)phenoxymethyl); mp 242-243'C; HRMS calc for C^9H23FN40: 342.1856, found: 
342.1861. 

Example 2g 

ss [0077] (7RS,9aSR)-7-(2-Naphthoxymethyl); mp 1 43-1 46'»C; HRMS calc for C23H26N4O: 374.2107, found: 374.2097. 
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Example 2h 

[00781 (7RS,9aSR)-7-(1 -Naphthoxymethyl); mp 243-245»C; HRMS calc for C23H26N40: 374.21 07, found: 374.2098. 
Example 2i 

[0079] (7RS,9aSR)-7-(4-Fluoro-3-methylphenoxy)methyl; mp 232-233^0; HRMS calc for C20H26FN4O: 356.2012, 
found: 356.1992. 

Example 2j 

[0080] (7RS.9aSR)-7-((3-Carbomethoxy)phenoxymethyl); mp 194-196°C; HRMS calc for C21H2SN4O3: 382.2005, 
found: 382.2010. 

Example 2k 

(7RS.9aSR)-7-(5-Fluoroquinolln-8-yloxy)methyl; mp 21 8-220*»C; HRMS calc for C22H25FN5O (MH+): 394.2043, found: 
394.2059 

Examples 

[0081] (7RS,9aSR)-7-((2-Methoxy-5-(1-methyl)ethyl)phenoxy)methyl: mp 94-99**C; HRMS calcd for C23H32N4O2: 
396.251 8, found: 396.2504. 

Example 2m 

[0082] (7RS,9aSR)-7-{(2-Methoxy-3-(1 -methyl)ethyl)phenoxy)methyt; mp 2 1 9-221 *C; HRMS calcd for C23H32N4O2: 
396.2518, found: 396.2522. 

Example 2n 

[0083] (7RS,9aSR)-7-((2-Methoxy-4-acetyl)phenoxy)methyl: mp 224'»C (dec); HRMS calcd for C22H28N4O3: 
396.215, found: 396.210. 

Example 2o 

[0084] (7R, 9aS)-7-(3-(1 -Methyl)ethylphenoxy)methyl; mp 70-1 20«C (dec); HRMS calcd for C22H30N4O: 366.241 3. 
found: 366.2420. 

Example 2p 

[0085] (7R,9aS)-7-((2-Methoxy)phenoxy)methyl; mp 21 3-21 5»C; HRMS calcd for C20H26N4O2: 354.2050. found: 
354.2093. 

Example 2q 

[0088] (7R,9aS)-7-((4-Acetamldo)phenoxy)methyl; mp 192'C; HRMS calcd for C21H27N5O2: 381.2159, found: 
381.2120. 

Example 2r 

[0087] (7R,9aS)-7-(4-(1,1-Dimethyl)ethyl-phenoxy)methyl; mp 237-244*0 (dec); HRMS calcd for C23H32N4D: 
380.2576, found: 380.2674. 

Example 2s 

[0088] (7R,9aS)-7-(3-(1 , 1 -Dimethyl)ethyl^phenoxy)methyl; mp 229-230»C; HRMS calcd for C23H32N40: 380.2576, 
found: 380.2577. 
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Example 2t 

[0089] (7R,9aS)-7-(2-(1 ,1-Dlmethyl)ethyl-phenoxy)methyl; mp 240-24rC; HRMS caicd for Oz^H^H^O: 380.2576. 
found: 380.2580. 

5 

Example 2u 

[0090] (7R,9aS)-7-(4-Methoxy-phenoxy)methyl; mp 219-222»C; HRMS calcd for C2oHa6N402: 354.2050, found: 
354.2063. 

10 

Example 2v 

[0091] (7R,9aS)-7-(3-Methoxy-phenoxy)methyl; mp 113-115»C; HRMS calcd for C20H26N4O2: 354.2056, found: 
354.2041. 

IS 

Example 2w 

[0092] (7R,9aS)-7-(3-Acetamldo-phenoxy)methyl; mp 1 56-1 58-C; HRMS calcd for C21 H27N5P2: 381 .21 65, found: 
381.2160. .... 

20 

Example 2x 

[0093] (7R.9aS)-7-(2-Cyano-phenoxy)methyl; mp 250-252»C; HRMS calcd for CaoHaaNgO: 349.1903, found: 
349.1932. 

2S 

Example 2y 

[0094] (7R.9aS)-7-(3-Cyano-phenoxy)methyl; mp 241.5-243'C; HRMS calcd for CgoHgaNsO: 349.1903, found: 
349.1897. 

30 

Example 2z 

[0095] (7R,9aS)-7-(3-Dimethylamino-phenoxy)methyl; mp 80-e2*»C; HRMS calcd for C21 H29NSO: 367.2372. found: 
367.2357. 

3S 

Example 2aa 

[0096] (7R.9aS)-7-(3.4-Difluoro-phenoxy)methyl; mp 252-254"C; HRMS calcd for C19H22F2N4O: 360. 1 762, found: 
360.1763. 

40 

Example 2ab 

[0097] (7S,9aR)-7^(4-Fluoro-phen6xy)methyl; mp 281-282"C: HRMS calcd for C19H23FN4O: 342.1856, found: 
342.1841. 

46 



SO 



ss 
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EXAMPLE 3 

(7R,9aS)-7-(Sub8tltuted)methyl-2-(5-fluoropyrlmldln-2-yl)-2,d A6 J,^ oetahydro-1 H-pyrldo[1 ,2-a] 
pyrazlnes 

[009q 




[0099] Compounds of the above formula were prepared according to Example 1 using (7R.9aS)-7-hydroxymethyl- 
2-(5-fluoropyrimidin-2-yl)-2,3,4,6,7,8,9,9a-octehydro-1H-pyrldo[1,2-a]pyrazine (Preparation 5) and the appropriate 
phenol. Purification was generally accomplished by flash silica gel chromatography using mixtures of ethyl acetate and 
hexane or mixtures of chloroform and methanol as the eluting solvent. The stereochemical configuration, 7-substituent, 
melting point of the monohydrochloride salt and HRMS or ^^C NMR data are shown. 

Example 3a 

[0100] (7R,9aS)-7-(3-Cyanophenoxy)methyl: mp 192-194'*C; HRSM calcd for C20H22FN5O: 367.1808, found: 
367.1821. 

Example 3b 

[0101] (7R,9aS)-7-(4-Cyanophenoxy)methyl; mp 256-257*»C; HRSM calcd for C20H22FN5O: 367.1808, found: 
367.1793. 

Example 3c 

[0102] (7R.9aS)-7-(2-Methoxy-3-(1-methyl)ethyl-phenoxy)methyl; mp > 286»C; HRSM calcd for C23H3iFN402: 
414.2424. found: 414.2418. 

Example 3d 

[0103] (7R,9aS)-7-(2-Fluorophenoxy)methyl; mp 209-210*C: HRSM calcd for C19H22F2N4O: 360.1762. found: 
360.1767. 

Example 3e 

[0104] (7R,9aS)-7-(3-Fluorophenoxy)methyl: mp 229-232'C; HRSM calcd for C19H22F2N4O: 360.1767. found: 
360.1756. 

Example 3f 

[0105] (7R,9aS)-7-(4-Fluorophenoxy)methyl: mp 249-254'C; HRSM calcd for C19H22F2N4O: 360.1767. found: 
360.1741. 

Example 3g 

[0106] (7R,9aS)-7-(3,4-Dlfluorophenoxy)methyl; mp 229-236*0; HRMS calcd. for C19H21F3N4O: 378.1667, found: 
378.1660. 
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Example 3h 

[0107] (7R,9aS)-7-(3,5-DifluorophGnoxylmothyl; mp 248-250»C; HRSM calcd for CtgHgiFgNp: 378.1667, found: 
378.1680. 



Example 3i 

[0108] (7R,9aS)-7-(4-lodophenoxy)methyl: mp 284-286»C; HRMS calcd for C19H22FIN4O: 46B.0B22, found: 
468.0785. 



EXAMPLE 4 

(7RS,9aSR)-7-Phenoxymethyl-2K5-fluoro-4-thiomethylpyrlmldln-2-yl)-2,3,4,^ 
[1,2-a]pyrazlne 

[0109] 




[0110] The title compound was prepared according to Example 1 using phenol and (7RS,9aSR)-7-hydroxymethyl- 
2-(5-fluoro-4-thlomethyl) pyrjmldln-2-yl)-2,3,4,6,7,8,9,9a-octahydro-1/fpyrido[1,2-a]pyrazine (Preparation 6). mp 
(.HCI) 192-198«C. Anal calcd for C20H25FN4OS: C, 61.82; H, 6.49; N, 14.42. Found: C. 61.52; H, 6.56; N. 14.42. 

EXAMPLE 5 

(7RS,9aSR)-7-Phenoxymethyk2-(5-fluoropyrimidin-2-yl)-2,3,4,6J,8,9,da-oetahydro-1>fpyrM 
[0111] 




[0112] A solutton of 3.74 g (9.63 mmol) of (7RS,9aSR)-7-phGnaxymethyl-2-(5-fluoro-4-thiomethylpyrimidin-2-yl)- 
2,3,4,6J,8,9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazine (Example 4) in 200 mL of ethanol was treated with 0.3 g of Rahey 
nickle and the mixture was refluxed for 2 h. An additbnal 0.3 g of catalyst was added and reflux continued for 24 h. A 
third quantity of catalyst (0.3 g) was added and reflux continued for another 24 h. A fourth quantity of catalyst (0.3 g) 
was added and refluxed for 4 h. The mixture was cooled to room temperature, filtered through Celite, washing with 
ethanol and the filtrate was evaporated. Purification by flash silica gel chromatography with methylene chloride and 
99:1 methylene chloride:methanol gave 1.30 g (39%) of the title compound, linp (-HCI) 215-217<*C. HRMS calcd for 
Ci9H23FN40: 342.1851, found: 342.1853. 
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EXAMPLES 

(7RS,9aSR)-7-<4-Fluorophenoxy)methyl-2-^5-fiuoro-4-thlomethyl-pyrlmldin-^^^ 
1 H-pyrldo[1 ,2-a]pyrazlne 

[0113] 




[0114] The title compound was prepared according to Example 1 using 4-fluoropheno! and (7RS,9aSR)-7-hy- 
droxymethyl-2-(5-fluoro-4-thiomethylpyrlmidin-2-yl)-2,3,4.6,7,8,9,9a-octahydro-1 pyrido[1 ,2-a]pyrazine (Prepara- 
tion 6). mp (.HCI) 201-210'»C. ^^C NMR (base, CDCI3): 8 11.5. 27.0, 29.0. 36.4, 44.3, 49.8, 54.8, 58.8, 60.7. 71.6, 
115.35, 115.45, 115.59, 115.90. 140.4, 140.7, 150.9, 155.1. 158.8. HRSM calcd for C20H24F2N4 OS: 406.166, found: 
406.161. 

EXAMPLE 7 

(7RS,9aSR)-7H4-Fluorophenyl)methyl-2K5-fiuoropyrimidln-2-yl)-2,d,4,6,7,8,9,9a-<^ 
pyrtizlne . 

[0115] 




[0116] Using the procedure described in Example 5. 8.23 g (20.3 mmol) of (7RS,9aSR)-7-(4-fluorophenoxy)methyl- 
2-(5-fluoro-4-thiomethylpyrimidin-2-yl)-2,3.4,6.7.8,9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazine gave 3.4 g of the title com- 
pound, mp (.HCI) 249-253''C. Anal calcd for C19H22F2N4O HCI: C, 57.50; H. 5.84; N, 14.12; found: C, 57.40; H, 5.84; 
N,13.99. 
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EXAMPLES 

(7SR,9aSR)-7-((4-Fluorophenoxy)m0thyl)-2-Kpyrlmldln-2-yl)-2,3,4^^ pyrldo[1 ,2-a] 

pyrazine 

5 

[0117] 
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[0118] A solution of 0.600 g (2.43 mmol) of (7SR,9aSR)-7-hydroxymethyl-2-(pyrlmidjn-2-yl)-2,3.4,6.7,8.9,9a-octahy- 
20 dro-1H-pyrlclo[1,2-a]pyrazine (US Pat. 5,122,525) and 0.34 mL (2.7 mmol) of triethylamine in 10 mL of methylene 
chloride at 0*^0 was treated with 0.20 mL (2.5 mmol) of methanesulfonyl chloride. After 1 0 min, the mixture was diluted 
with water, baslfied with 1 M NaOH, separated, and the mixture was extracted with more methylene chloride (2x). The 
combined organic layers were washed with water (1x), dried (magnesium sulfate), filtered, and evaporated to give 0.77 
9 (2.6 mmol) of mesylate. 

2S [0119] A solution of 0.82 g (7.3 mmol) of 4-fluorophenol In 8 mL of DMF was treated with 0.35 g (8.8 mmol) of sodium 
hydride (60% oil dispersion) and allowed to react for 2 h at 40-50*C. The reaction mixture was cooled to room tern-: 
perature and a solution of 0.77 g (2.6 mmol) of the above mesylate in 8 mL of DMF was added. The reaction was then 
heated at 100*'C for 1 6 h. After cooling to room temperature, the solvent was evaporated, the residue taken up in water, 
the pH adjusted to 2 with 1 M HCI, and washed with ethyl acetate. The aqueous phase was made basic (pH 11) with 

30 1 M NaOH and extracted with ethyl acetate (3x). The combined organic layers were dried (magnesium sulfate), filtered, 
and evaported to give 0.430 g of crude product. Purification by silica gel flash chromatography eluting with 90:10 ethyl 
acetate:hexane gave 0.340 g (38%) of the title compound. A salt was prepared by mixing an ethanol-ethy) acetate 
solution of 0.29 g free base with a solution of 98 mg of maleic acid in ethanol and evaporating to dryness. The white 
solid was triturated with ether and dried in vacuo to give 0.35 g of salt, mp (•C4H4O4) 128-139*C. ""^C NMR (base, 

35 CDCI3): 6 24.8, 25.2. 33.8, 43.6, 49.1, 54.9, 56.6. 61.1, 69.5. 109,7. 115,48, 115.25, 115.58, 115.83, 155.4, 157.7, 
161 .5. Anal, calcd for C19H23N4OF: C, 66.64; H, 6.77; N, 16.36. Found: C. 66.28; H, 7.02; N. 16.45. 

EXAMPLE 9 

40 (7RS,9aSR)-7-Phenoxymethy l-2-(pyrlmldln-2-yl)-2,3,4,6 J,8,9,9a-octahydro-1 /f pyrldo[1 ,2-a]pyrazlne 
[0120] 



$0 




[0121] ; A solution of 1 .0 g (4.0 rhmol) of (7RS,9aSn)-7-hydroxymethyl-2-(pyrlmidin-2-yl)-2.3.4,6,7,8.9.9a-octahydro- 
1Hi3yrldo[1,2-a]pyrazine (Preparation 3) in 20 mL dry methylene chloride was cooled to 0"C, and treated with 0.57 
mL (4.4 mmol) of triethylamine arid 0.33 mL(4.2 mmol) of methanesulfonyl chloride dropwise. After 15 min. water was 
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added and the pH adjusted to 11 wrth IN NaOH. The layers were separated and the aqueous phase was extracted 
with methylene chloride (2x). The combined organic phase was dried (magnesium sulfate), filtered and evaporated to 
give 1.0 g (76%) of mesylate. 

[012i2] A mixture of 10 mL of DMF, 0.90 g (9.6 mmol) of phenol, and 0.45 g (10.2 mmol) of NaH (60% oil dispersion) 
s in a dry flask was stirred for 1 .5 h at 40 - 50"C. After cooling to room temperature, the above mesylate was added In 
10 mL of DMF, and the solution was heated at 100 - 110**C for 16 h. After cooling to room temperature, water was 
added, the pH adjusted to 11 with IN NaOH, and the mixture extracted with ethyl acetate (3x). dried (magnesium 
sulfate), filtered and evaportated. The crude product was triturated with a few mL of water re-disolved In ethyl acetate, 
dried (magnesium sulfate), filtered and evaporated. Flash chromatography on silical gei with ethyl acetate gave 0.68 
10 g of the free base as a white solid, mp (.2HCI) 218-223»C. i^C NMR (base, CDCI3): 6 27.0, 29.0. 36.4, 43.6. 49.1, 
54.9. 58.8. 60.8. 70.9. 109.8. 114.5. 120.6, 129.4. 157.7, 159.0, 161.5. Calcdfor C19H24NO4 .2HCI: C. 57.43; H; 6.60; 
N, 14.10; found: C, 57.54; H, 6.88; N, 13.83. 

EXAMPLE 10 

IS 

7-(Sub8titutedphenoxymethyl)-2-(pyrimidin-2-yi)-2,3A6.7,8,9,9a-o^ 
[0123] 

20 



2S 




30 

[01 24] Compounds of the above formula were prepared according to Example 8 from (7SR.9aSR)-7-hydroxymethy I- 
2-(pyrlmidin-2-yl)-2,3,4,6.7,8,9.9a-octahydro-1 W-pyrjdo[1 .2-a]pyrazlnes (US Pat. 5.1 22,525) and the appropriate phe- 
nol. Purification was generally accomplished by flash silica gel chromatography using mixtures of ethyl acetate and 
hexane or mixture of chloroform and methanol as the eluting solvent. The stereochemical configuration, 7-phenoxyme- 
3S thyl substitutent, melting point of the monohydrochloride salt and HRMS or combustion analysis or ^^C NMR data are 
shown. 

Example 10a 

40 [0125] (7SR.9aSR)-7-(4-Acetamidophenoxy)methyl; mp 123»C (dec); ^^C NMR (base, CDCIg): 5 24.3, 24.8, 25.1, 
33.7. 43.6, 49.1, 54.8. 56.6, 61.1, 69.1. 109.7. 114.9. 121.9. 130.9. 156.2. 157.7. 161.5. 168.3. 

Example 10b 

46 [0126] (7SR,9aSR)-7-((4-Trlfluoromethyl)phenoxy)methyl; mp 104-119'»C; HRMScalcdforC2oH23F3N40: 392.1819, 
found: 392.1833. 

Example 10c 

50 [0127] (7SR,9aSR)-7-((4-Methoxy)phenoxy)methyl; mp 112-114'»C; Anal calcd for C20H2eN4O2 -HCl: C. 61 .44; H, 
6.96; N. 14.33. Found: C. 61.23; H, 7.29; N, 14.51. 

Example lOd 

ss [012S1 (7SR,9aSR)-7-((4-Carbo(9thoxy)phenoxy)methyl; mp 189-191*0; HRMS calcd for C22H28N4O3: 396.2162. 
found: 396.2179. 
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EXAMPLE 11 

(7R,9aS)-7-<4-Fluorophenoxy)methyl-2Kpyrlmfdln-2-yl)-2,3A6,7,8,9,9a-oetahydr^ 
[0129] 




[0130] The title compound was prepared according to Preparation 3 with 2-chloropyrimidine and (7R,9aS)-7-(4-fluor- 
ophenoxy)methyl-2.3.4,6,7,8,9,9a-octahydro-1H-pyrido[1.2-a]pyrazine (Preparation 8). mp (.HCI) 283-285*0. HRMS 
calcd for C19H23FN46: 342.1856; found: 342.1867, ; 

EXAMPLE 12 

(7R,9aS>7K2-Phenyl)ethyl-2H5-fluoropyrimldln-2-yl)-2,3,4,6J,8,9,9a-octa^^ 
[0131] 




[0132] A mixture of 3.75 g (14.1 mmol) of (7R,9aS)-7-hydroxymethyl-2-(5-fluoropyrimidin-2-yl)-2,3,4.6,7.8.9,9a-oc- 
tahydro-1H-pyrido[1,2-a]pyrazine (Preparation 5), 2.48 g (21.2 mmol) of N-methylmorpholine-N-oxide, 5.0 g of 4 A 
molecular sieves, 0.495 g (1 .41 mmol) of tetrapropylammonium per-ruthenate, and 375 mL of methylene chtoride was 
stirred at ambient temperature for 2 h. The reaction was quenched with saturated sixiium thiosulfate and filtered through 
Cellte. The filtrate was washed with brine, dried (magnesium sulfate), filtered and evaporated. Purification by flash 
silica gel chromatography with 95:5 chloroform: methanol gave 2.27 g (61%) of (7R,9aS)-7-formyl-2-(5-flLioropyrimidin- 
2-yl)-2,3,4,6,7,8,9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazine. 

[0133] A solution of 1 .70 g (4.38 mmol) of benzyl triphenyl phosphonium chloride in 20 mL of dry THF was chilled 
to -78 •C and treated with 1.75 mL (4.38 mmol) of n-butyllithium (2.5 M In hexane). After 15 min. 1.05 g (3.98 mmol) 
of (7R,9aS)-7-formyl-2-(5-fluoropyrimidln-2-yl)-2,3, 4,6,7, 8,9,9a-octahydro-1Afpyrido[1.2-a]pyrazine in 20 mL of dry 
THF was added dropwise over 30 min, the cooling bath was removed and the solution allowed to warm slowly to 
ambient temperature ovemlght (1 6 h). The solution was concentrated in vacuo and the residue was partitioned between 
ethyl ether and water. The organic layer was dried (magnesium sulfate), filtered and evaporated. Purification by flash 
silica gel chromatography with petroleum etherethyl ether In ratios from 4:1 to 3:1 gave the following isomers of 7- 
(2-phenyl)ethenyl-2-(5-fluoropyrimidin-2-yl)-2,3,4,6,7,8,9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazine: E-(7S,9aS), 0.1 9 g 
(Rf = 0.75 with 3:1 hexane:ethyl acetate); Z-(7R,9aS), 0.16 g (Rf = 0.47 with 3:1 hexane:ethyl acetate); E-(7R,9aS), 
0.46 g (Rf = 23 with 3: 1 hexane:ethyl acetate). 

[01 34] A mixture of 0. 1 5 g (0.44 mmol) of Z-(7R,9aS)-7-(2-phenyl)ethenyl-2-(5-fluoropyrlmidin-2-yl)-2,3,4.6,7,8.9,9a- 
octahydro-1 H-pyrldo[1 ,2-a]pyrazine. 0.01 5 g of 10% palladium on carbon and 25 mL of ethanol was shaken under 40 
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psig of hydrogen gas in a Parr apparatus for 6 h. The mixture was filtered through Celite, and the filtrate concentrated 
to give 0.124 g (83%) of (7R,9aS)-7-(2-phenyl)ethyl-2-(5-fluoropyrimldin-2-yl)-2,3,4,6J,8.9,9a<>ctahydro-1H-pyr^ 
[1 ,2^]pyra2lne. mp (.HCI) 250-252 •C. HRMS calcd for C20H26FN4O (IVIH+): 341 .21 42. found: 341 .2126, 

EXAMPLE 13 

(7SR,9aSR)-7-Ph6noxymethyl»2-(pyrldln-2-yl)-2,3,4,6J,8,9,9a-octahydro-1/fpyrldo[1,2-a]p 



[0136] The title compound was prepared according to Example 8 from phenol and (7SR,9aSR)-hydroxymethyl- 
2,3,4,6,7.8,9,9a-octahydro-2-pyridin-2-yl-1H-pyrido[1,2-a]pyrazine (US Pat 5.122,525). NMR (base, CDCI3): 6 
24.8, 26.3, 33.8. 45.1, 50.7, 54.8. 56.6. 61.0,68.8. 107.1. 113.1. 114.7, 120.5, 129.4, 137.4. 148.0. 159.3. 159.4. HRMS 
calcd for CgoHssNaO: 323.2000, found: 323.2003 

EXAMPLE 14 

(7RS^9aSR)-7-Phenoxymethyl-2-(pyrldin-2-yl)-2,3,4,6,7,8,9,9a-octa^^ 



[0138] The title compound was prepared according to Example 9 from (7RS,9aSR)-hydroxymethyl-2-(pyridin-2-yl)- 
2,3,4,6,7,8,9,9a-octahydro-1H-pyrldo[1.2-a]pyrazine (Preparation 11) and phenol, mp ( HCI) 238-24rc. ^^C NMR 
(base. CDCI3): 5 27.0. 29.2. 36.4. 45.2. 50.8. 54.8, 58.8. 60.7, 70.9, 107.0. 113.2, 114.5. 120.7, 113.2. 114.5. 120.7, 
129.4. 137.5. 148.0. 169.0, 159.4. Anal, calcd for CaoHasNgO C. 74.26; H, 7.79; N, 12.99; found: C. 74.12; H. 7.84; N, 
12.86. . 



[0135] 




[0137] 
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EXAMPLE 15 

(7RS,9aSR)-7-(4-Ruoi^henoxy)methyl-2-<3,6-dlehloropyrldln-2-yl)-2,3 
[1,2-a]pyrazlne 

5 ■ 

[0139] 



70 



75 




20 [0140] A mixture of 0.75 g (4.4 mmol) of (7RS,9aSR)-7-hydroxymethyl-2,3.4,6.7.8,9,9a-octahydro-1 H-pyrldo[1 ,2-a] 
pyrazine, 4.02 g (22.1 mmol) of 2,3,5-trichloropyridine, 1 .12 g (10.6 mmol) of sodium carbonate and 30 mL of isoamy- 
lalcohoi was refluxed for 72 h. The mixture was cooled to room temperature, filtered, and concentrated in vacuo. The 
residue was dissolved In ethyl acetate and washed with saturated sodium carbonate. The organic layer was dried, 
(magnesium sulfate), filtered and evaporated, and the crude product was purified by flash chromatography on silica 

25 gel eluting with 95:5 chloroform:methanol to give 1 .1 0 g (80%) of (7RS,9aSR)-7-hydroxymethyl-2-(3,5-dichloro-pyridin- 
2-yl)-2,3,4,6,7,8,9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazlne. 

[0141] A solution of 0.50 g (1.58 mmol) of (7RS,9aSR)-7-hydroxymethyl-2-(3,6-dlchlor6-pyrldin-2-yl)- 
2,3.4,6,7,8,9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazine in 40 mL of THF with 0.266 g (2.32 mmol) of 4-fluorophenol, 0.498 
g (1.90 rnmol) of triphenylphosphine, and 0.30 mL (1.90 mmol) of diethyl azodicarboxylate was stirred at room tem- 

30 perature for 1 6 h. The mixture was diluted with ethyl acetate and treated with excess HCI(g) in ether. The solvent was 
evaporated and the residue washed repeatedly with 1:1 ethyl acetate:ether. The white powder was dissolved in chlo- 
roform, washed with 1 M NaOH (2x), dried (magnesium sulfate), filtered and evaporated. The crude product was purified 
by flash silica gel chromatography with 50:50 ethyl acetate: hexane to give 0.566 g (87%) of title compound, mp (-HCI) 
247-248'»C. NMR (base, CDCI3): 6 27.1. 29.0. 36.4. 49.0, 54.4. 54.8, 58.6, 60.7, 71.7, 115.36. 115,47, 115.59, 

3S 115.89, 122.3, 124.0, 138.2. 155.1, 155.6, 156.6, 158.8. HRMS calc for CaoHaaOlaFNaO: 409. 1124. found: 409.1141. 

EXAMPLE 16 

7-(4-Fluorophenoxy)methyl-2-(sub8titiited-pyridin-2-yl)-2,3,4,67,8,^^ 

40 

[0142] 



46 



SO 




[0143] . Compounds were prepared according to Example 15 from (7RS,9aSR)-7-hydroxymethyl-2,3,4,6,7,8,9,9a- 
ss octahydro-1 H-pyrido[1 ,2-a]pyrazine (US Pat. 5,326.874), using the appropriate 2-chloro or 2-bromo pyridine in the first 
step and 4-fluorophenol In the second step. Purification was generally accomplished by flash silica gel chromatography 
using mixtures of ethyl acetate and hexane or mixtures of chlorofomn and methanol as the eluting solvent. The stere- 
ochemical configuration, substituted pyridin-2-yl substitutent, melting point of the monohydrochloride salt and HRMS 
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data are shown. 
Example 16a 

6 [0144] (7RS,9aSR), 2-(3-Cyanopyridln-2-yl); mp 194-195'C; HRMS calcd tor C21H23FN4O: 366,1855; found: 
366.1845. 

Example 16b 

TO [0145] (7RS,9aSR), 2-(4-Methylpyridin-2-yl); mp 264-266°C; HRMS calcd for C21H26FN3O: 355.2060, found: 
355.2075. 

Example 16c 

IS [0146] (7RS,9aSR). 2-(5-Bromopyrldin-2-yl): mp 214-215*C; HRMS calcd for C2oH23BrFN30: 419.1008, found: 
419.1037. 

Example 16d 

20 [0147] (7RS.9aSR). 2-(3-Chloropyridin-2-yl); mp 174-175''C; HRMS calcd for C2oH23CIFN30: 375.1514, found: 
375.1528. 

EXAMPLE 17 

2S (7RS,9aSR)-7-Phenoxymethyl-2-(5-chloropyridin-2-yl)-2,3,4,6J,8,9,9a-octahydro-1H-pyrldo[1,2-a^ 

[0i4q 



30 



3S 




40 

[01491 The title compound was prepared according to Example 15 using 2,5-dichloropyridine, (7RS,9aSR)-7-hy- 
droxymethyl-2,3.4,6.7,8,9,9a-octahydro-1H-pyrldo[1,2-a]pyrazine (US Pat. 5,326,874). and phenol, mp (-HCI) 
218-224»C. NMR (base, CDCI3): 5 27.0, 29.1, 36.4. 45.3, 50.9. 54.6. 58.8, 60.5, 70.9, 107.8. 114.5, 120.1. 120.7, 
129.4. 137.1, 146.2. 157.6, 159.0. Anal, calcd for C20H24CIN3O C, 67.12; H, 6.76; N. 11.74; found: C. 67.22; H, 6.85;! 
4S N, 11.49. 
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EXAMPLE 18 

(7R,teS)-7<<4-Fluorophenoxy)methyl-2-<pyrldln-2-yl)-2,3A^7A9,te-oetahydro-1/^ 

[0150] 




[0151] The title compound was synthesized according to Preparation 11 using 2-bromopyrldlne and (7R,9aS)-7- 
(4-fluorophenoxy)methyl-2,3,4, -6,7,e,9,9a-octahydro-1 H-pyrido[l ,2-a]pyra2ine (Preparation 8). mp (-HCI) 261 -263*C. 
HRMS calcdforC2oH24FN30: 341.1903; found, 341.1928. 

EXAMPLE 19 

(7R,9aS)-7-(4^Fluorophenoxy)methyl-2-(5-chioropyridin-2-yl)-2,3,4,6,7,8,9,9a-octahydro-1^ 
pyrazine 

[0152] 




[0153] The title compound was prepared according to Preparation 11 using 2,5-dichlor9pyrldine and (7R,9aS)-7- 
(4-fluorophenoxy)methyl-2,3,4,6,7,8,9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazine (Preparation 8). mp (-HCI) 
237-238'^C. 1^ NMR (base, CDCI3): 5 27.0, 29.1, 36.4. 45.3. 50.9. 54.6. 58.7, 60.5. 71.6, 107.7, 115.36. 115.47, 
115,60, 115.90, 120.1, 137.1, 146.3, 155:1, 155.6, 157.6, 158.8. HRMS calcd for CgoHgaCIFNaO: 375.1514; found, 
375.1544. 



i 
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EXAMPLE 20 

(7R,9aS)-7-^4-Fluoroph6noxy)methyl-2-(6-chloropyrldazln-3-yl)"2,3,4»6,7,8,^ 
pyrazlne 

[01S4] 




[0155] The trtle compound was prepared according to Preparation 3 with 3,6-dichloropyridazine and (7R,9aS)-7- 
(4-fluorophenoxy)methyl-2,3,4,6,7,8,9,9aH3Ctahydro-1 H-pyrido[1 ,2-a]pyrazine. mp (.HCI) 265-270'C. ""^C NMR (base, 
CDCI3): 6 26.8. 29.0, 36.4. 45.1, 50.4, 54.4, 58.6, 60.3, 71.5. 115.2, 116.3. 115.4, 115.6, 115,9, 128.7, 146.7, 155,0, 
155.6. 158.76, 158.82. HRMS calcd for C19H22CIFN4O: 376.1461; found: 376.1453. 

EXAMPLE 21 

(7S,9aR)-7'<4-Fluorophenoxy)methyi-2-<5-fluoropyrlmidln-2-yl>-2,3,4,6,7,8,9,9a-octahydro-1 /fpyrido[1,2-a] 
pyrazine 

[0156] . 




[0157] The title conr^pound was prepared according to Preparation 3 with 2-chIoro-5-fluoropyrimidine and (7S,9R)- 
7-(4-fluorophenoxy)methyl-2,3,4,6,7,8.9.9a-octahydro-1 H-pyrido[1 ,2-a]pyrazlne (Preparation 9). oip (.HCI) 
251-252'C. NMR (base, CDCI3): 5 27.0, 29.0, 36.4, 44.3. 49.8, 54.8. 58.8. 60.7, 71.6, 115.35, 115.45, 115.59, 
115.89, 145.0, 145.3, 149.9, 153.2. 165.1, 155.6, 158.7. 158.8. HRMS calcd for C19H22F2N4O: 360.1762; found: 
360.1763. 



23 



EP1074257A1 

EXAMPLE 22 

(7R,»aR)-7-(4-Fluorophenoxy)methyl-2KS-lluoropyrlmldln-2-yl)-2,3Aft^^ 
pyrazine 

6 

[0i5q 



10 



IS 




20 [0159] The title compound was prepared according to Preparation 3 with 2-chloro-5-fluoropyrimidine and (7R,9R)- 
7-(4-fluorophenoxy)methyl-2,3,4,6,7,8.9,9aKx:tahydro-1H-pyrido[1,2-a]pyrazine (Preparation 10). mp (-HCI) 
232.5-324'»C. ""30 NMR (base, CDCI3): 5 24.8. 25.1, 33.8, 44.3, 49.7. 54.8, 56.6, 61.0, 69.6, 115.48, 115.53. 115.59, 
115.83, 145.0. 145.3. 149.9. 153.1, 155.4, 155.5, 158.69. 158.74. HRMS calcd for C19H22F2N4O: 360.1762; found: 
360.1755. 

26 • \ / . 

EXAMPLE 23 

(7RS,9aSRKK4-Fluorophonoxy)mothyl-2-(2-cyano-4.fluorophenyl)-2,3,4,6J,8,9,to 
[1,2-a]pyrazine 

30 

[0160] 



3S 



40 




45 [0161] A mixture of 1 .05 g (6. 1 7 mnrK3l) of (7RS,9aSR)-7-hydroxymethyl-2, 3.4,6,7,8.9. 9a-octahydro-1 N-pyrido[1 ,2:a] , 
pyrazlrie (US Pat. 5.326,874) and 1.29 g (9.25 mmol) of 2.5-difluorobenzonitrile in 20 mL of DMSO wias heated at 
100'C for 16 h. The mixture was cooled to room temperature, acidified with 1M HCI, washed with iather (3x), made 
basic with cone, ammonium hydroxide, and extracted with ethyl acetate (3x). The combined organic layers were washed 
with water (3x), dried (magnesium sulfate), filtered and evaporated. Purification by silica gel MPLC with 90:10 chloro-. 

so form:methanol gave 0.51 g of (7RS,9aSR)-7-hydroxymethyl-2-(2-cyano-4-fluorophenyl)-2,3,4,6,7.8,9,9a-octahydrov 
1 H-pyrido[1 ,2-a]pyrazlne. 

[0162] ' A solution of 0.51 g (1 ,8 mmol) of (7RS,9aSR)-7-hydroxymethyl-2-(2-cyano-4-fluorophenyl)-2.3.4.6,7.8.9,9a- 
octahydro-1H^pyrido[1,2-a]pyrazine, 0.555 g (2.12 mmol) of triphenylphosphine, and 0.296 g (2.64 mmol) of 4-fluor- 
ophenol: In 8 mL of dry THF was treated with 0.368 g (2.12 mmol) of diethyl azodicarboxylate and stirred at ambient 
ss temperature for 24 h. The mixture was diluted with ether, and 1 M HCI was added until a gummy residue formed. The 
layers were separated and the aqueous layer was washed with ether (3x). The aqueous layer was combined with the 
gummy residue and dissolved In a mixture of ethyl acetate and 10% ammonium hydroxide, the layers were separated 
and the aqueous layer was extracted with more ethyl acetate (2x). The organic layers were evaporated, the residue 
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dissolved in chloroform, washed with 1 M NaOH (3x), dried (magnesium sulfate), filtered and evaporated. The product 
was dissolved In absolute ethanol, filtered and evaporated to give 0.21 g ot the title compound, mp (-HCI) 235-24(f C. 
HRMS calcd for C22H23F2N30: 383.1809. found: 383.1796. 

S EXAMPLE 24 

(7R,9aS)-7<<4-Fluorophenoxy)methyl-2-(2-amlno-4-fluorophenyl)-2,3,4,6,7,8,9,9a-octahyd 
pyrazine 



IS 




[0163] A solution of 4.38 g (25.8 mmol) of (7R,9aS)-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-1 H-pyrido[1 ,2-a] . 
pyrazine (preparation 1 ), 4.1 9 mL (38.7 mmol) of 2,5-dlfluoronltrobenzene, and 5.46 g (51 .5 mmol) of sodium carbonate 
in 25 mL of DMSO was heated at 95*'C for 16 h. The mixture was cooled to room temperature, acidified with 1M HCI, 
and washed with ethyl ether (3x). The aqueous layer was made basic with cone, ammonium hydroxide and extracted 
with ethyl acetate (3x). The combined organic layers were washed with water (3x), dried (magnesium sulfate), filtered 
and evaporated. Purification by flash silica gel chromatography with 90:10 chloroform: methanol gave 6.19 g (78%) of 
(7R,9aS)-7-hydioxymethyl-2-(4-fluoro-2-nitrophenyl)-2,3,4,6,7,8,9,9aKxnahydro-1/+pyrldo[1,2-a]^^ 
[0164] A solution of 3.0 g (9.7 mmol) of (7R,9aS)-7-hydroxymethyl-2-(4-fluoro-2-nitrophenyl)-2,3,4,6,7,8,9,9a-oc- 
30 tahydro-1 H-pyrido[1 ,2-a]pyra2ine in 50 mL of methanol and 50 mL of THF was treated with 0.30 g of 10% Pd/C and 
treated with 30 psi of hydrogen in a Parr apparatus for 1 .5 h. The catalyst was removed by filtration and the red solution 
concentrated to give 2.65 g (98%) of (7R.9aS)-7-hydroxym6thyl-2-(2-amino-4Tfiu6rophenyl)-2.3.4,6,7.8.9,9a-octahy- 
dro^l Hipyridoll ,2-a]pyrazine. 

[0165] A solution of 4.12 g (14.8 mmol) of (7R,9aS)-7-hydroxymethyl-2-(2-amino-4-fluoro-phenyl)-2,3,4,6,7,8,9,9a- 
55 octahydro-1 N-pyrido[1 ,2-a]pyraz(ne. 2.48 g (22.2 mmol) of 4-fluorophenol and 4.65 g (1 7.7 mmol) of triphenylphosphine 

in 225 mL of THF was treated with '2.79 mL (17.7 mmol) ot diethyl azodicarboxy late and stirred at room temperature 

for 4 days. The solvent was evaporated, the residue dissolved in 1 :1 ethyl acetate:ethyl ether and the solution treated. 

with HCI(g) in ether until precipitation ceased. The mixture was filtered and the solid washed repeatedly with ethyl 

acetate. The solid was dissolved in a mixture of chtorofomn and 1 M sodium hydroxide, the layers separated, and the 
40 organic phase was dried (magnesium sulfate), filtered and evaporated. Purification by flash silica gel chromatography 

with 60:40 ethyl acetate:hexane gave 1.69 g (30%) of the title compound, mp (-HCI) 144-149**C. HRMS calcd for 

C21H25F2N3O: 373.1966, found: 373.1958. 
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EXAMPLE 25 

(7RS,9aSR)-7K4-Fluorophenoxy)m«thyl-2-^4-fluorophenyl)-2,3,4,6J,8,9,9a-oete^ 
pyrazlne 

[01651 




[0167] A solution of 1 .53 g (4.1 0 mmol) of (7R.9aS)-7-hydroxymethyl-2-(2-amino-4-fluoro-phenyl)-2,3, 4,6,7,8.9,9a- 
octahydro-1 H-pyrido[1 ,2-a]-pyrazine (Example 24) in 160 mL of THF was added to a solution of 1 .21 mL (9.02 mmol) 
of 97% isoamyl nitrite in 100 mL of THF over a 2 h period. After the addition was complete, the solution was heated 
at reflux for 4 days. The solvent was evaporated, the residue was dissolved in ethyl acetate and washed with 1 M 
sodium hydroxide (3x). The organic phase was dried (magnesium sulfate), filtered and evaporated. Purification by flash ' 
silica gel chromatography with 50:50 ethyl acetate:hexane gave 0.75 g (52%) of a yellow solid, mp (-MCI) 221 -223"C. 
HRMS calcd for C21H24F2N2O: 358.1857, found: 358.1875. 

EXAMPLE 26 

(7R,9aS)-7*-Phenoxymethyl-2-phenyl-2,3,4,6,7 A9,9a-oetahydro-1 /fpyrlclo[1 ,2-a]pyrazine 
[0168] 




[0169] . A mixture of 0.500 g (1.89 mmol) of (7R,9aS)-7-(4-fluorophenoxy)methyl-2,3.4,6,7,8.9,9a-octahydro-1 H-py- 
rido[1,27a]pyrazine (Preparation 8), 0.400 g (2.84 mmol) of 4-fluoronitrobenzehe and 0.401 g (3.78 mmol) of sodium 
carl>onate in 1 5 mL of DMSO was heated at 95*C for 1 6 h. The mixture was cooled to room temperature, acidified with 
1 M HOI, washed witK ethyl ether (3x), basifled with cone, ammonium hydroxide and extracted with ethyl acetate (3x). 
The combined organic layers were washed with water and brine, dried (magnesium sulfate), filtered and evaporated 
to give 0.614 g of (7R,9aS)^7-(4-fluorophenoxy)methyl-2-(4-nitrophenyl)-2,3,4,6,7,8,9,9aKx;tahydro-1H-pyrido[1,2-a] 
pyrazlne. 

[0170] ' A mixture of 0.600 g (1 .56 mmol) of (7R.9aS)-7-(4-fiuorophenoxy)methyl-2-(4-nitrophenyl)-2,3, 4,6,7,8.9.9a- 
octahydro-1 /+pyrido[1 ,2-a]pyra2ine and 90 mg of 1 0% Pd/C In 25 mL of THF was placed in a Parr hydrogenator at 30 
psi for 4 h. The catalyst was removed by filtration through Celite and the filtrate was evaporated to give 0.45 g (82%) 
of (7R,9aS)-7-(4-fluorophenoxy)methyl-2-(4-aminophenyl)-2,3,4,6,7,8,9,9aK5Ctahydro-1H-pyrido[1,2-a]pyra2ine. 
[01 71] A solution of 0.400 g (1 . 1 3 mmol) of (7R,9aS)-7-(4-fluorophenoxy)methyl-2-(4-aminophenyl)-2,3,4.6.7.8.9.9a- 
octahydro-1Afpyrido[1,2-a]pyra2ine in 20 mL of THF was added dropwise to a solution of 0.33 mL (2.48 mmol) of 
Isoamyl nitrite in 15 mL of THF After the addition was complete, the solution was refluxed for 24 h. The solvent was 
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evaporated, the residue dissolved in ethyl acetate, washed with 1M sodium hydroxide (3x), washed with brine (1x), 
dried (magnesium sulfate), filtered and evaporated. Purification by flash silica gel chromatography with ethyl acetate 
gave 0.060 g (16%) of the title compound, mp (-HCI) 247-252'C. HRMiS calcd for C21H25FN2O: 340.1951, found: 
340.1989. 

5 

EXAMPLE 27 

(7RS,9aiSI^)-7-(4-Fluorophenbxy)methyl>2-(6-^ 
pyrazihe 

[0172] ' ; , 



IS 



20 




[0173] According to the procedure reported by Wynberg (J. Org. Chem. 1993, 55, 51 01 ). a solution 0.50 g (2.9 mmol) 
2S of racemic (7RS,9aSR)-7-hydroxymethyl-2,3, 4.6,7,8, 9, 9a-octahydro-1 H-pyrido[1 ,2-a]pyrazine In 1 0 mL of dry THF at 
0*C was treated with 2.59 mL (6.5 mmol) of n-butyl lithium (2.5 M in hexane). The mixture was kept at 0°C for 30 min 
and at room temperature for 1 h, and 0.39 mL (2.94 mmol) of 2.6-dimethaxypyridine was added and the solution ref luxed 
for 16 h, After cooling to room temperature, the mixture was poured into 1 M HCl and washed with toluene (3x). The 
aqueous layer was basified with 1 M NaOH and extracted with toluene (1x) and ethyl acetate (1x). The combined 
30 organic layers were dried (magnesium sulfate), filtered, and evaporated to give a yellow oil. Purification by flash silica 
gel chromatography with 9:1 chloroform: methanol gave 0.304 g (37%) of (7RS,9aSR)-7-hydroxymethyl-2-(6-methox- 
ypyndin-2-yl);2.3,4,6,7,8,9,9a-octariydro-1 H-pyrido[1 ,2-a]pyra2ine. 

[0174] A solution of 0.30 g (1.1 mmol) of (7RS,9aSR)-7-hydroxymethyl-2-(6-methoxypyridin-2-yl)-2,3,4,6.7,B,9,9a- 
octahydro-1 H-pyridofl ,2-a] pyrazine. 0.182 g (1 .62 mmol) of 4-fluorophenol, and 0.340 g (1 .30 mmol) of triphenylphos- 

35 phine. and 0.205 g (1 .30 mmol) of diethylazodicarboxylate in 20 mL of THF was stirred at room temperature for 16 h. 
The solvent was evaporated, the residue dissolved in ether and extracted with 1M HCl (2x). The combined aqueous 
layers were basified with cone, ammonium hydroxide and extracted with ethyl acetate (3x). The combined organic 
layers were dried (magnesium sulfate), filtered and evaporated. Purification by flash silica gel chromatography with 
50:50 ethyl acetate: hexane gave 0.300 g (75%) of yellow crystals, mp (-HCl) 228-230'C. HRMS calcdfor C21H26FN3O2: 

40 371.2009, found: 371.2001. 
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EXAMPLE 28 

(7RS,9aSR)-7K4-Fluorophenoxy)methyl-2,3A8JA9,9a^tahydi^2-(5^^ 
pyrazlne 

[0175] 




[0176] According to the procedure reported by Schwartz (J. Am. Chem. Soc. 1986, 108, 2445), a solution of 0.300 
g (0.71 4 mmol) of (7RS,9aSR)-7-(4-fluorophenoxy)m0thyl-(5-brornopyridin-2-yl)-2,3,4,6,7,8,9,9a-octahydro-1 H-pyrido 
[1 ,2-a]pyrazine (Example 1 6) in 6.5 mL of THF:hexane:ethyt ether (4: 1 : 1 ) under nitrogen was cooled to -1 00*'C. n-Buty I ' 
lithium (0.57 mL, 2.5 M in hexane) was added dropwise and the mixture stirred for 15 min. N-FluorodibenzenesuKon- 
amide (0.34 g. 1 .07 mmol) in ethyl ether was added, the solution stirred for 20 min, and then allowed to warm to room 
temperature over 20 h. Water was added and the mixutre extracted with ethyl acetate (3x), dried (magnesium sulfate), 
filtered and evaporated. Purification by flash silica gel chromatography with 50:50 ethyl acetateihexane gave 0.038 g 
(15%) of the title compound, mp (-HCI) 214-215°C. HRMS calcd for C2oH23F2N30: 359.1809. found: 359.1795. 

EXAMPLE 29 

(7RS,9aSR)-7-Phenoxymethyl-2-<2'«hloropyrimldin-4-yl)-2,3,4,6,7,8,9,9a'<>ct^ 
[0177] 




[0178] A mixture of (7RS,9aSR)-7-hydrQxymethyl-2,3,4,6,7,8,9,9a-octahydro-iW-pyridoI1,2-a]pyrazihe (US Pat. 
5,326,874) and 2.4-dichloropyrimidlne were combined according to Preparation 3. The product from this reaction was 
coupled. with phenol according to Example 1 to give the title compound, mp (*HCI) 227-233^0 (dec). HRMS calcd for 
Ci9H23CIN40: 358.1560, found: 356.1560. 
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EXAMPLE 30 

(7RS,9aSR)-7-Phenoxymethyl-2-(pyrazln-2-yl)-2,3,4,6J,8,9,te-oetahydro-1/fpyr^^^^ 
[01791 




[0180] A mixture of (7RS,9aSR)-7-hydroxymethyl-2,3,4,67,8,9,9aKXtahydro-1H-pyrido[1,2-a]pyrazine (US Pat. 
5,326,874) and 2-chloropyrazine were combined according to Preparation 3. The product from tiiis reaction was cou- 
pled witli plienol according to Example 1 to give the title compound, mp (-HCI) 21 7-21 9*^0. HRMS catcd for C^9H24N40: 
324.1945, found: 324.1981. 

EXAMPLE 31 

(7RS,9aSR)-7-Phenoxymethyl-2<(6-chloropyrazin-2-yi)-2,3,4,6|7,8,9,9aK>ctahydro-1/fpyrido[1,2-a]py 
[0181] 




[0182] A mixture of (7RS,9aSR)-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazlne (US Pat. 
5,326,874) and 2,6-dichloropyra2ine were combined according to Preparation 3. The product from this reaction was 
coupled with phenol according to Example 1 to give the title compound, mp (-HCI) 247^0 (dec). HRMS calc for 
CigH23CIN40: 358.1560, found: 358.160 
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EXAMPLE 32 

(7RS,9aSR)-7-(4-Ruorophenoxy)methyl-2-^6-ehloropyrldazln-3-yl)-2,3,^^ ff pyrido[1 ,2-a] 

pyrazine 

[0183] 




[0184] A mixture of (7RS,9aSR)-7-hydroxymethyl-2,3,4,6J,8,9,9a<)Ctahyclro-1H-pyrido[1.2-a]pyrazine (US Pat. 
5,326,874) and 3,6-di-chloropyridazine were combined according to Preparation 3. The product from this reaction was 
coupled with 4-fluorophenol according to Example 1 to give the title compound, mp (-HCI) 255''C (dec). HRMS calc for 
C19H22CIFN4O: 376.1461. found: 376.1468. 

EXAIWPLE 33 

(7RS,9aSR)-7-Phenoxymethy l-2-(6-ehloropyrldazln-3-yl)-2»3,4,6,7,8,9,0a-oetahydro-1 /fpyrldo[1 ,2-a]pyrazine ; 
[0185] 




[0186] A mixture of (7RS,9aSR)-7-hydroxymethyl-2.3,4.6.7.8.9,9a-octahydro-1H-pyrido[1.2-alpyrazine (US Pat. 
5,326,874) and 3,6-dichloropyridazlne were combined according to Preparation 3. The product from this reaction was 
coupled with phenol according to Example 1 to give the title compound, mp (-HCI) >265'*C (dec). HRMS calcd for 
C19H23CIN4O: 358.1555, found: 358.1550. 
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EXAMPLE 34 

(7RS,9aSRK-Phenoxymethyl-2-<fiyrlmldln-4-yl)-2,3,4,6,7,8,9,te-oeta 
5 [0187] 



10 



IS 




[0188] A mixture of 0.110 g (0.307 mmol) of (7RS,9aSR)-7-phenoxymethyl-2-(2-chloropyrimidln-4-yl)- 
20 2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine (Example 29), 20 mg of 10% Pd/C, and several drops of cone, 
hydrochloric acid in 30 mL of ethanol were shaken under 50 psi of hydrogen gas at room temperature for 6 h. The 
mixture was filtered through Celite and the filtrate was evaportated. The residue was basified with cone, ammonium 
hydroxide, extracted with chloroform, dried (magnesium sulfate), filtered and evaporated. PurrFication by flash silica 
gel chromatography with a solvent gradient from 100% chloroform to 95:5 chloroform: methanol gave 0.020 g (20%) 
2S of the title compound, mp (-HCI) >285*C (dec). HRMS calc for C19H24N4O: 324. 1 945, found: 324. 1 970. 

EXAMPLE 35 

(7RS,9aSR)-7K4-Fluorophenoxy)methyl-2-(pyrldazln-3-yl)-2,3 A6,7A^^ /fpyrldo[1 ,2-a] 

30 pyrazlne 

[0189] 



35 



40 




4S [0190] :A mixture of 0.150 g (0.363 mmol) of (7RS,9aSR)-7-(4-fluorophenoxy)methyI-2-(6-chloropyridazin-3-yl)- 
2,3,4,6,7,8.9.9a-octahydro-1H-pyrido[1,2-a]pyrazine (Example 32), 0.10 mL (0.72 mmol) of triethylamine. and 20 mg 
of. 10% Pd/C in 10 mL of ethanol were shaken under 50 psi of hydrogen for 18 h. The mixture was filtered through 
Celrte and the filtrate was evaporated. The residue was dissolved In chloroform, washed with water, dried (mageneslum 
8ulfate),.filtered and evaporated, mp (-HCI) 246-25b'C. HRMS calcd for C19H23FN4O: 342.1851. found: 342.1826. 

so 



ss 



i 
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EXAMPLE 36 

(7R,9aS)-7-(3,5-Dlfluoi^enoxy)methyl-2-(&«hloropyrlclazln-3-yl)-2,^ 
[1,2<i]pyrazine 

[0191] 



F 




[0192] A mixture of (7R,9aS)-N-BOC-7-hydroxymethyl-2.3,4,67,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine (WO 
93/25552) and 3,5-difluorophenol were coupled followed by N-BOC deprotection according to Preparation 9. The prod- 
uct from this reaction was coupled with 3,6-dichloropyridazine according to Preparation 3 to give the title compound.' 
mp (.HCl) 254-259'C. i^C NMR (base, CDCIg): 5 26.7, 28.9, 36.1. 45.1. 50.4, 54.3, 58.4. 60.3, 71.4, 96.3, 95.0, 98.4, 
115.2, 128.8, 146.8, 158.8. 

EXAMPLE 37 

(7R,9aSh7-Phmoxymethyl-2K5-chloi^yrldin-2-yl)-2,3,4,6J,8,9,9a-octa^^ 
[0193] 



F 




[0194] A mixture of (7R,9aS)-N-BOC-7-hydroxymethyl-2,3.4.6,7,8,9,9a-octahydro-1Afpyrido[1,2-a]pyrazine (WO 
93/25552) and 3,5-difiuorophenol were coupled followed by N-BOC deprotection according to Preparation 9. The prod- 
uct from this reaction was coupled with 2,5-dlchloropyridine according to Preparation 11 to give the title compound, 
mp (.HCI) 260-26rC. HRMS calcd for C20H22CIF2N3O: 393.1419, found: 393;1410. 
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EXAMPLE 38 . . 

3-[(7R,teS)-2-Heteroaryl-2,3,4,6 J,8,9,9a-oetahydro-1 /fpyrldo[1 
2-one8 

[0195] 



O 




[0196] Compounds of the above formula were synthesized from 3-[(7R,9aS)-2,3,4,6,7,B,9.9a-octahydro-1 H-pyrido 
[1 ,2-a]-pyrazin-7-ylmethyl]-3H-benzooxazol-2-one. (Preparation 12) and the appropriate heteroaryl chloride accoi^dlng 
to Preparation 5. Purification was generally accomplished by flash silica gel chromatography using mixtures of ethyl 
acetate and hexane or mixtures of chloroform and methanol as the eluting solvent. The 2-substltuent, melting point of 
the monohydrochloride and high resolution mass spectral data are shown. 

Example 38a 

[0197] 2-(Pyrimidin-2-yl); mp 166-167'»C; HRMS calcd for CaoHaal^sOg: 365.1852, found: 365.1850. 
Example 38b 

[0198] 2-(5-Fluoropyrimldin-2-yl); mp 170-17rC; HRMS calcd for CaoHgaFNgOg: 383.1758, found: 383.1809. 
Example 38c 

[0199] 2-(6-Chloropyrldazin-3-yl); mp 176*»C (dec); HRMS calcd for CgoHaaCINgOa: 399. 1457, found: 399.151 9. 
EXAMPLE 39 

3-[(7R,9aS)-2-(5-Chioropyridin-2-yl)-2,3,4,6*7,8,9,9a-oetahydro-1 H^yrido[1 ,2-a]-pyrazin-7-ylmethyl]-3ft^ 
benzoxazol-2-one 

[0200] 



o 




[0201] The title compound was synthesized according to Preparation 11 from 3-[(7R,9aS)-2,3,4,6,7,8,9.9a-octahy- 
dro-1W-pyrldo[1,2-a]-pyrazin-7-ylmethyl]-3H-benzoxazol-2one (Preparation 12) and 2,5-dichloropyridine. mp (-MCI) 
247-248X. HRMS calcd for C21 H23CIN4O2: 398. 1 51 0, found: 398. 1 484. 
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EXAMPLE 40 

(7RS,9aSR)-7-(S-Fluorolndol-1 -ylmethyl)-2-(pyrlmidln-2-yl)-2,3,4,6,7A0,9a-oetahydro-1 /fpyrldo[1 ,2-a] 
pyrazine 

[0202) 




[0203] The title compound was synthesized according to Example 9 from (7RS,9aSR)-7-hydroxymethyl-2-(pyrimidin- 
2-yl)-2.3,4,6J.B.9,9a-octariydro-1rt-pyrido[1,2-a]pyra2ine (Preparation 3) and 5-fluorolndole. mp (.HCI) 70-72»C. 
HRMS calcd for C2iH25FN5(MH+): 366.2094. found: 366.2104. 

EXAMPLE 41 

(7RS,9aSR)-7-<4-Fluorophenyl8ulfanyOmethyl-2Kpyrlmldln-2-yQ-2,3,4,6,7,8,9,to^ 
pyrazine 

[0204] \ 




[0205] The title compound was prepared according to Example 1 from (7RS,9aSR)-7-hydroxymethyl-2-(2-pyrimldin- 
2-yl)-2,3,4,6,7.8,9,9a-octahydro-1 H-pyridoI1 ,2-a]pyrazine (Preparation 3) and4-fluorothlophenol. mp (-HCI) 99-10r C. 
HRMS calcd for C19H23FN4S: 358.1627. found: 358.1683. 
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EXAMPLE 42 

(7RS,9aSR)-7K4-Fluorophenyl8ulfonyOmethyl-2-(pyrlmldln-2-yi)-2,3A67,8,9^^ 
pyrazlne 

[0206] 




[0207] A solution of 0.50 g (1.40 mmol) ot (7RS,9aSR)-7-(4-fluorophenylsulfanyl)iTiethyl-2-(pyrimidin-2-yl)- 
2,3,4,6,7.8.9,9a-octahydro-1 H-pyrldo(1 .2-a]pyra2ine (Example 41 ) and 1.13 g (5.59 mmol) ot 3-chloroperbenzoic acid, 
in 30 mL of chloroform was stirred at room temperature for 20 h. The solution was partitioned with 1 M sodium hydroxide, ' 
the layers were separated, the organic phase was dried (magnesium sulfate), filtered and evaporated. Purification by 
flash silica gel chromatography with 67:33 chloroform:methanol gave 0.18 g (33%) of the title compound, mp (-HCI) 
155-157X. HRMS calcd for C^9H23FN402S: 390.1526. found: 390.1483. 

EXAMPLE 43 

(7R,9aS)-7-(5-Fluoroindol-1-7l)mothyl-2K5-fluoropyrlmldln-2-ylh2,3,4,67>8,9 
pyrazlne 

[0208] 




[0209] A solution of 6.0 g (22 mmol) of (7R,9aS)-2-BOC-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-1W-pyrldo 
[1,2-a]pyrazine (WO 93/25552) and 3.41 mL (24.4 mmol) of triethylamlne in 225 mL of dry methylene chloride was 
chilled to 0*C, and treated with 1 .80 mL (23.3 mmol) of methansulfonyl chloride in 75 mL of methylene chloride. After 
stirring 1 h, water was added and the pH adjusted to 12 with 15% sodium hydroxide. The layers were separated and. 
the aqueous phase extracted with methylene chloride. The combined organic phase was dried (magnesium sulfate), 
filtered and evaporated to give 7.73 g (100%) of (7R,9aS)-2-BOC-7-(nrwthanesulfonyloxy)methyl-2,3,4.6,7.8.9,9a-oc- 
tahydro-1 H-pyrido[1 ,2-a]pyrazine. 

[021 0] A solution of 8.41 g (62 mmol) of 5-f luoroindole in 250 mL of DMF was treated with 2.46 g (62 mmol) of sodium 
hydride (60% oil dispersion) and the mixture stirred at 50"C for 1.5 h. Heating was stopped temporarily, 7.73 g (22.2 
mmol) of (7R,9aS)-2-BCXJ-7-(methanesulfonyloxy)methyl-2,3.4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazlne In 250 
mL of DMF was added, and the rhixlure stirred at lOO^C for 2 h. The mixture was cooled to room temperature, diluted 
with water, acidified to pH 2 with 6M hydrochloric acid, and washed with ethyl acetate. The aqueous phase was basified 
to pH 12 with cone, ammonium hydroxide and extracted with ethyl acetate (3x). The combined organic phase was 
dried (magnesium sulfate), filtered and evaporated. Purification by flash silica gel chromatography with ethyl acetate 
gave 3.09 g (36%) of (7R,9aS)-2-BOC-7-(5-fluorolndol-1-yl)methyl-2,3,4,6,7,8,9,9a-octahydro-1H-pyrldo[1,2-a]pyra- 
zine. 



35 



EP1 074 257A1 



[0211 J A solution of 3.0 g (7.75 mmol) of (7R,9aS)-2-BOC-7-(5-fluoroindol-1 -yl)methyl-2. 3, 4.6,7.8,9, 9a-octahydro- 
1 H-pyrido[1 ,2-a]pyrazine in 200 mL of 70:30 trifluoroacetic acid: water was stirred at room temperature for 1h. The 
mixture was concentrated in vacuo, basified with 15% sodium hydroxide and extracted with ethyl acetate (2x). The 
combined organics were dried (magnesium sulfate), filtered and evaporated to give 2.0 g (90%) of (7R,9aS)-7-(5-fluor- 

5 olndol-1 -yl)methyl-2,3,4,6,7.8,9.9a-octahydro-1 H-pyrldo[1 ,2-a]pyrazlne. 

[0212] A mixture of 2.20 g (7.67 mmol) of (7R,9aS)-7-(5-fluorolndol-1-yl)methyI-2,3,4,6.7,8,9.9a-octahydro-1 H-pyri- 
do[1 .2-a]pyrazine. 1.02 g (7.67 mmol) of 2-chloro-5-fluoropyrimldine and 1.95 g (18.4 mmol) of sodium carbonate in 
100 mL of water was stirred at 95'C for 72 h. The mixture was cooled to room temperature, extracted with chlbrofomn 
(3x), the combined organic phase was washed with brine, dried (magnesium sulfate), filtered and evaporated.- Purifi- 

10 cation by flash silica gel chromatography with 50:50 ethyl acetateihexane gave 1 .17 g (40%) of the title compound, 
mp (.HCI) 180-182«C. HRMS calc for HRMS calcd for C21H23F2N6: 383.1922, found: 383.1924. 

EXAMPLE 44 

IS 1 .[(7R,9aS)-2-(Pyrlmldln-2-yl)-2,3,4,6,7,8,9,9a-octahydro-1 «-pyrIdo(1 ,2-a]pyrazln-7-y ImothylJ-l ,3-dlhydro- 
lndol-2-one 

[0213] 

20 



o 



2S 




[0214] A solution of 6.0 g (22 mmol) of (7R,9aS)-2-BOC-7-hydroxymethyl-2,3.4,6.7,8.9.9a-octahydro-1H-pyrldo 
[1,2-a]pyra2lne (WO 93/25552) and 3.41 mL (24.4 mmol) of triethylamine In 225 mL of dry methylene chloride was 
chilled to 0*^0, and treated with 1 .60 mL (23.3 mmol) of methansutfonyl chloride in 75 mL of methylene chloride. After 
stirring 1 h, water was added and the pH adjusted to 12 with 15% sodium hydroxide. The layers were separated and. 
35 the aqueous phase extracted with methylene chloride. The combined organic phase was dried (magnesium sulfate), 
filtered and evaporated to give 7.73 g (100%) of (7R,9aS)-2-BOC-7-(methanesulfonyloxy)methyl-2,3,4,6.7,8,9,9a-oc- 
tariydro-1 H-pyrido[1 ,2-a]pyrazine. 

[0215] A solution of 2.75 g (10.7 mmol) of oxindole in 85 mL of DMF was treated with 0.82 g (21 mmol) of sodium 
hydride (60% oil dispersion) and the mixture stirred at 50*C for 1 .5 h. Heating was stopped temporarily, 2.56 g (7.38 

40 mmol) of (7R.9aS)-2-BOC-7-(methanesulfonyloxy)methyl-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1.2-a]pyra2ine in 85 
mL of DMF was added, and the mixture stirred at lOO^'C for 2 h. The mixture was cooled to room temperature, diluted 
with water, acidified to pH 2 with 6M hydrochloric acid, and washed with ethyl acetate. The aqueous phase was basified 
to pH 12 with cohc. ammonium hydroxide and extracted with ethyl acetate (3x). The combined organic phase was 
dried (magnesium sulfate), filtered and evaporated. Purification by flash silica gel chromatography with ethyl acetate 

45 gave 0.677 g (24%) of 1 -[(7R.9aS)-2-BOC-2,3,4,6.7.8.9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazin-7-ylmethyl)]-1 ,3-dihy- 
dro-indoh2-one. 

[0216] A solution of 0.53 g (1 .38 mmol) of 1 -[(7R,9aS)-2-BOC-2,3.4,6,7,8,9,9a-octahydro-1 H-pyrido[1 .2^]pyrazln- 
7-ylmethyl]-1 .3-dihydro-indol-2-one in 10 mL of chloroform was treated with excess HCI(g) in ethyl ether and stirred 
at room temperature f or 1 h. The solvent was evaporated to give 0.49 g (1 00%) of 1 -[(7R,9aS)-2,3,4,6,7,8.9.9a-octahy- 

so dro-1 H-pyrido[1 ,2-a]pyrazin-7-ylmethyl]-1 .3-dihydro-indol-2-one dihydrochloride. 

[0217] A mixture of 0.49 g (1 .38 mmol) of 1 -[(7R,9aS)-2,3,4,6,7,8.9,9a-octahydro-1 H-pyrido[1 ,2-a]pyra2in-7-ylme- 
thyl]-1.3-dihydro-lndol-2-one dihydrochloride, 0.157 g (1.37 mmol) of;2-chloropyrimldlne and 0.64 g (6.02 mmol) of 
sodium carbonate in 20 mL of water was stirred at 95*C for 1 6 h. The nriixture was cooled to room temperature, extracted 
with chloroform (3x), the combined organic phase was washed with brine, dried (magnesium sulfate), filtered and 

ss evaporated. Purification by flash silica gel chromatography with 95:5 ethyl acetate:methanol gave 0.181 g (30%) of 
the title compound, mp (-HCI) 174-176»C. HRMS calcd for CgiHgsNsQ: 363.2059, found: 363.2032. 
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EXAMPLE 45 



(7RS,9aSR)-7-Phenoxy-2-(pyrlmldln-2-yl)-2,3,4,67,8,9,9a-ootahydro-1^pyri^^ 



5 



[02iq 



IS 



10 




[0219] A solution of 0.600 g (3.03 mmol) of (9aSR)-7-(ethylenedioxy)-2, 3.4.6,7,8,9, 9a-octahydro-1 pyrido[1 ,2-a] 
pyrazine (Compemplle. F.; Slaeh. M. A.; Toppet, S.; Hoomaert, G. J. Org. Chem., 1991. 56, 5192). 0.35 g (3.0 mmol) 
of 2-chloropyrlmidlne and 0,77 g (7.3 mmol) of sodium carbonate in 6 mL of water was refluxed for 21 h. The mixture 

20 was cooled to room temperature, extracted with methylene chloride (3x), the combined organic phase was washed 
with water and brine, dried (magnesium sulfate), filtered and evaporated. Purification by filtration through a 30 g plug 
of flash silica gel with 95:5 ethyl acetate:ethanol gave 0.624 g (75%) of (9aSR)-7-(ethylenedioxy-2-(pyrlmidin-2-yl)-, 
2,3,4,6,7.8,9,9a-octahydro-1H-pyrido[1.2-a]pyrazine. mp (base) 121-122"C. Anal calcd for C14H20N4O2: C. 60.85; H, 
7.29; N, 20.27; found: C, 60.84; H, 7.26; N, 20.42. 

2S [0220] A solution of 0.60 g (2.2 mmol) of (9aSR)-7-(ethylenedioxy)-2-(pyrimidin-2-yl)-2,3,4,6,7,8,9,9a-octahydro-1 H- • 
pyrido[1 ,2-a]pyrimidjne was dissolved in 8 mL of 6M HCI and refluxed for 3h. The solution was cooled to room tem-' 
perature, the solvent was evaportated, the residue dissolved in methylene chloride, mixed with aqueous potassium 
carbonate, the layers were separated, and the aqueous layer extracted with methylene chloride (2x). The combined 
organic phase was dried (magnesium sulfate), filtered and evaporated. Filtration through a plug of flash silica gel with 

30 95:5 ethyl acetate:ethanol gave 0.205 g (41%) of 7-keto derivative. The 7-keto derivative was dissolved in 10 mL of 
methanol and treated with 0.33 g (0.88 mmol) of 1 0% sodium borohydride on alumina. After stirring for 1 h. the mixture 
was filtered and evaporated to give.0. 156 g (75%) of crude 7-hydroxy derivative. The crude 7-hydroxy derivative, 0.094 
g (1.0 mmol) of phenol, and 0.209 g (0.799 mmol) of triphenylphosphine were dissolved in 1.4 mL of dry THF The 
mixture was treated with 0.13 mL (0.80 mmol) of diethyl azodicarboxylate and stirred at room temperature for 24 h.. 

3S The mixture was diluted with ethyl ether, extracted with 0.1 M HCI (3x), the combined aqueous phase was washed with 
ethyl ether (2x), baslfied with cone, ammonium hydroxide, and extracted with ethyl acetate (3x). The combined ethyl 
acetate layers were dried (magnesium sulfate), filtered and evaporated. Purification by flash silica gel chromatography 
with 50:50 ethyl acetate:hexan6 gave 0.036 g (17%) of the title compound, mp (base) 147-148'»C. HRMS calcd for 
Ci8H22N4O:310.1794, found: 310.1819. 



40 



EXAMPLE 46 



(4-Flubro)pheriyl-[(7RS,9aSR)-2Kpyrlmidln-2-yl)-2,d,4,6J3>9,9a-Mtahydro-1H-pyrldo[1,2-a]pyrazln 



methanol 



45 



[0221] 



HO 



ss 



so 
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[0222] A flame-dried 3-neck flask was attached to a bleach trap and charged with 20 mL of methylene chloride and 
0.77 mL {1.1 mmol) of oxalyl chloride. The solution was chilled to-78"C and anhydrous DMSO (1.38 mU 1.93 mmol) 
was added dropwise at a rate which kept the internal temperature at or below -SO'^C. A methylene chlorkje solutkxi of 
(7RS,9aSR)-7-hydroxymethyl-2-(pyrimidin-2-yl)-2.3,4,6,7,8.9,9a-octahydro-1 pyrido[1 .2-a]pyra2ine (2.5 g, 9.1 
5 mmol) was added followed by slow addition of 5.2 mL (37 mmol) of triethylamine. After warming to room temperature, 
40 mL of water was added, the layers were separated and the aqueous phase extracted with methylene chloride (4x). 
The combined organic phase was dried (sodium sulfate), filtered and evaporated to give 2.24 g (90%) of aldehyde. ""^C 
NMR (CDCI3): 8 24.0, 28.5, 43.5, 48.8, 49.0, 55.4, 54.7, 60.3, 109.9. 157.7, 161.3, 202.3. HRMScalcdforCigHieNp: 
246.1481, found: 246.1484. 

10 [0223] A solution of the crude aldehyde (0.44 g, 1 .6 mmol) in 45 mL of dry THF was chilled to -lO^C and treated with 
8.8 mL (18 mmol, 2M in THF) of 4-fluorophenyl magnesium bromide. The solution was allowed to warm to room tem- 
perature and 1 0 mL of ice water was added carefully foltowed by 1 00 mL of saturated ammonium chloride. The aqueous 
phase was extracted with ethyl ether (1x), dried (sodium sulfate), filtered and evaporated. Purification by flash silica 
gel chromatography with methylene chloride:methanol:conc. ammonium hydroxide 12:1:0.04 gave 0.037 g (6.7%) of 

IS the title compound. ^^C NMR (CDCI3): 526.1. 28.8. 43.2, 43.3, 46.1, 48.8, 54.8, 57.8, 58.0, 60.9. 76.4, 109.9. 115.09, 
115.38, 127.98. 128.09, 138.7, 157.7, 160.6, 161.4, 163.4. HRMS calcd for C^9H24FN40 (MH+): 343.1934, found: 
343.1938. 

EXAMPLE 47 

20 

(4-Fluoro)phenyl-[(7SR,9aSR)-2Kpyrimidin-2-yl)-2,3,4,6J,8,9,9a-oetahydro- 
methanol 



2S 



[0224] 



30 



35 




40 



45 



[0225] The title compound was prepared according to Example 46 starting with (7SR,9aSR)-7-hydroxymethyl-2- 
(pyrimidin-2-yl)-2,3,4,6.7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyrazine. HRMS calcd for Ci9H24FN40(MH+): 343.1934, 
found: 343.1934. 

EXAMPLE 48 

(4-Fluoro)phenyl[(7RS,9aSR)-2Hpyrimidln-2*yl)-2,3,4,6.7,8,9,9a-octahydro-1/fpyr 
methanone 

[022q 



so 



55 




[0227] The title compound was prepared according to the oxaiyi chlortde/DMSO oxidation step of Example 46 starting . 
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with (4-fluoro)phenyl-[(7RS,9aSR)-2-(pyrimldin-2-yl)-2.3,4,6,7,8,9,9a-octahydro-1^^ 

nol (Example 46). i^c NMR (CDCIa): 627.3, 28.3, 48.6. 54.1. 56.7. 59.9, 110.1, 115.77. 116.05, 131.20. 131.32. 132,4, 
158.0. 161.1, 163.4. 166.7. HRMS calcd for C19H21FN4O: 340.1699. found: 340.1539. 

6 EXAMPLE 49 



(7S,9aSK-(4-Fluorophenoxy)methyl-2-(5-fluoropyrlmldln-2-yl)-2,3,4,6J3)9)9a-octahydro-1^ 
pyrazlne 

10 [0228] 



IS 



20 




[0229] A solution of 0.82 g (3.08 mmol) of (7S,9aS)-7-hydroxymethyl-2-(5-fluoropyrimidin-2-yl)-2, 3.4.6.7.8. 9, 9a-oc- 
25 tahydro-1 H-pyrldo[1 ,2-a]pyra2ln8 (Preparation 1 3), 0.52 g (4.62 mmol) of 4-fluorophenol, 0.97 g (3.70 mmol) of triphe- 
nylphosphine in dry THF was treated with 0.64 g (3.70 mmol) of diethyl azodlcarboxylate and stirred at room temperature 
for 72 h. The solvent was evaportated, the residue dissolved in 50:50 ethyl acetate:ethyl ether, and treated with HCI 
(g) in ethyl ether until precipitation ceased. The solid was collected by fittration. dissolved in chloroform, 1M sodium 
hydroxide was added, and the layers were separated. The organic layer was dried (magnesium sulfate), filtered and 
30 evaporated. Purification by flash silica gel chromatography with 90:10 hexaneiethyl acetate gave 0.49 g (44%) of the 
title compound, mp (-HCI) 225-228'»C. i^C NMR (base. CDCI3): 8 24.8. 25.2, 33.8. 44.3. 49.7, 54.8, 56.6. 61.0, 69.5, 
115.48. 115.53. 115.59, 115.83. 144.97, 145.26, 149.85, 153.15, 155.42, 155.54. 158.69, 158.74. HRMS calcd for 
C19H22F2N4O: 360.1762. found: 360.1752. 

35 EXAMPLE SO 

(7RS,9aSR)-7-<5-Fluoro-1 lndol-3-yl)methyl-2-(pyrimidln-2-yl)-2,3,4,6,7,8,9,9a-oclahydro-1 H-pyrido[1 ,2-a] 
pyrazlne 

40 [0230] 



45 



so 




[0231] A solution of 2.22 g (8.1 mmol) of (7RS,9aSR)-7-hydrDxymethyl-2-(2-pyrlmidinyl)-2,3,4.6,7.8,9,9a-octahydro-. 
1 H^)yrido[1 ,2-a]pyrazine (Preparation 3) and triethyl amine (1 .34 mL, 9.7 mmol) in 1 5 mL of methylene chloride was 
chilled to O'C and treated with a solution of 0.64 mL (8.3 mmol) of methanesulfonyl chloride in 7 ml of methylene 
chloride; The solution was stirred at 0*C for 1 h, and then allowed to warm to room temperature. Water was added (30 
55 mL), and the pH adjusted to 9.5 with 2M sodium hydroxide. The layers were separated and the aqueous phase extracted 
with methylene chlorde (30 mL). The combined organic phase was dried (sodium sulfate), filtered and evaporated to 
give 2.05 g (78%) of mesylate. 

[0232] • A flame-dried flask was charged with 0.2 g (1 .5 mmol) of 5-fluoroindole, 8 mL of benzene and 0.49 mL (1 .5 
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mmol) of ethyl magenesium bromide (3M in THF). Under vigorous stirring, the above mesylate (0.53 g, 1 .6 mmol) was 
added and the mixture stirred at room temperature for 18 h. Water (15 mL), ethyl acetate (10 mL) and sat, sodium 
bicarbonate were added, and the layers were separated. The organic phase was dried (sodium sulfate), filtered and 
evaporated. Initial purification by flash silica gel chromatography with ethyl acetateimethanol 95:5 followed a second 
purification by flash silica gel chromatography with 30:70:2 ethyl acetate:hexane:methanol gave 80 mg of the title 
compound. ■'3CNMR(CDCl3): 529.5, 30.2,30.8,37.1,43.6, 49.1.54.8,60.9, 103.8, 104.1, 109.0, 109.4, 109.8, 110.7, 
110.9. 114.4, 114.5, 123.7, 132.8. 156.1. 157.7,159.2, 161.5. HRMS calcd for C2iHa4FN6: 365.2011. found: 365.1985. 

EXAMPLE 51 * ' 

(7RS,9aSR)-7-(5-Fluoro-1 -methyl-l #f lndol-3^l)m©thyl-2-{pyrlmldln-2^l)-2,3,4,6,7,8,9,9aH)ctahydro-1 pyr Ido 
[1,2-a]pyrazine 



[0233] 

IS 



20 




2s [0234] A flame-dried flask was charged with 0.103 g (0.28 mmol) of {7RS,9aSR)-7-(5-fluoro-1 H-lndol-3-yl)methyl-2- 
(pyrimidin-2-yl)-2,3,4,6,7,8,9,9a-octahydro-1 H-pyrido[1 ,2-a]pyrazine (Example 50), anhydrous DMF (1 mL) and 1 2 mg 
(0.30 mmol) of sodium hydride (60% oil dispersion). The suspension was treated with 0.01 9 mL (0.31 mmol) of methyl 
Iodide and the mixture was heated at 50<*C for 16 h. The mixture was cooled to room temperature, concentrated in 
vacuo, and diluted with methylene chloride (25 mL) and water (25 mL), and the layers were separated. The organic 

30 phase was dried (sodium sulfate), filtered and evaporated to a solid residue. The solid was washed with ethyl acetate 
(2x), the ethyl acetate was evaporated to give 50 mg of the title compound. ""H NMR (CDCI3): 5 1.00-1.31 (m, 3H), 
1.64-2.23 (m. 6H), 2.54-3.1 (m, 5H), 3.69 (s. 3H). 4.51-4.66 (m. 2H), 6,43 (dd, J = 1 Hz. 1H). 6.83 (s. 1H), 6.93 (m, 
1H), 715 (m, 2H), 8.27 (d, J = 1 Hz. 2H). TLC R^ 0.81 (90:10:1 methylene chloride:methanol:ammonium hydroxide). 

3S EXAMPLE 52 

(7RS,9aSR)-7-(5-Chloro- and -(5-Chloro-2-methyl-benzoimidazol-1-yl)inethyi-2-(pyrimidln-2-yl)- 
2,3,4|6,7,8,9,9a-oetahydro-1 H-pyrido[1 ,2-a]pyrazlne 



40 [0235] 



45 



Me 



0 6- 



[0236] . A solution of 2.22 g (8. 1 mmol) of (7RS,9aSR)-7-hydroxymethyl-2-(pyrimidin-2-yl)-2 ,3.4,6,7,8, 9,9a-octahydro- 
1H-pyrido[1,2-a]pyrazine (Preparation 3) and triethyl amine (1.34 mL, 9.7 mmol) in 15 mL of methylene chloride was 
^ chilled to O'^C and treated with a solution of 0.64 mL (8.3 mmol) of methanesulfonyl chloride in 7 mL of methylene 
chloride. The solution was stinted at O^C for 1 h, and then allowed to warm to room temperature. Water was add^ (30 
mL); and the pH adjusted to 9.5 with 2M sodium hydroxide. The layers were separated and the aqueous phase extracted 
with methylene chlorde (30 mL). The combined organic phase was dried (sodium sulfate), filtered and evaporated to 
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give 2.05 g (78%) of mesylate. 

[0237] Aflame-dried flask was charged with 0. 11 g (0.67 mmol) of 5-chloro-2-methylbenzimldazole. 3 mL of dry DMR 
and 29 mg (0.74 mmol) of sodium hydride (60% oil dispersion). The solution heated at 50® C for 30 min, and then cooled 
to room temperature. The above mesylate (0.20 g, 0.61 mmol) was added and the mixture was heated at 100*0 for 

6 16 h. The mixture was cooled to room temperature, and concentrated in vacuo. Ethyl acetate (30 mL) and water (30 
mL) were added, the layers were separated, and the organic phase was dried (sodium sulfate), filtered and evaporated. 
Purification by flash silica gel chromatography with ethyl acetate gave 1 30 mg of a mixture of the title compounds. ^ H 
NMR (CDCIg): 5 1.2 (m, 2H). 1.9 (m. 5H), 2.2 (m,2H), 2.5 (s. 3H), 2.75 (m. 2H), 2.95 (m. 1H), 3.85 (m. 2H), 4.55 (m, 
2H). 6.45 (dd, J = 1 Hz. 1 H). 7.1 (s. 1 H). 7.2 (m, 1 H). 7.4 (m, 1 H). 8.25 (d, J = 1 Hz, 2H). TLC F^: 0.32 (90: 10 methylene 

10 chloride:methanol). HRMS calcd for Cgi HasCINe: 396. 1 829, found: 396. 1 809. 

EXAMPLE 53 

1-(4-Fluorophenyl)-2((7RS,9a8R)-2Kpyrinriidin-2-yl)-2,3A6,7A9,ga-oeM 
IS ethanol 

[0238] 



20 



26 



30 




[0239] A solution of 2.2 g (8.1 mmol) of (7RS,9aSR)-7-hydroxymethyl-2-(pyrimidln-2-yl)-2,3.4,6,7,8,9,9a-octahydro- 
1H-pyrido[1,2-a]pyrazine and 1.3 mL (9.7 mmol) of triethylamine in 16 mL of methylene chloride at QTO was treated 
^ with a solution of 0.64 mL (8.3 mnrral) of methanesulfonyl chloride In 7 mL of methylene chloride, and the solution was. 
stirred for 1 h. Water was added (30 mL) and the pH adjusted to 9.5 with 2M sodium hydroxide. The layers were 
separated, the aqueous phase was extracted with methylene chloride (30 mL), the combined organic phase was dried 
(sodium sulfate), filtered and evaporated to give 2.05 g (78%) of mesylate. 

[0240] The above mesylate (2.05 g, 6 mmol) was dissolved in 50 mL of dry DMF, 0.31 g (6 mmol) of sodium cyanide 
40 was added and the mixture heated at 110*^0 under a nitrogen atmosphere for 16 h. The reaction was cooled to room 

temperature, 1 mL of saturated sodium carbonate solution was added. The solvent was removed in vacuo, the residue 

was taken up in ethyl acetate (100 mL) and water (50 mL), and the layers were separated. The organic layer was 

washed with sat. sodium carbonate (2x). dried (sodium sulfate), filtered and evaporated to give 1 .4 g (91%) of nitrile. 

HRMS calcd for C14H19N5: 257.1640, found: 257.1630. 
45 [0241] A flame-dried flask containing 0.350 g (1 .36 mmol) of the above nitrile was charged with 1 .8 rnL (1 .8 mmol) 

of 1M dllsobutylaluminum hydride. The solution was stirred for 2 h at room temperature, then stirred at 50^C for 1 h. 

The reaction was cooled to room temperature, and 2M hydrochloric acnl was added sbwiy until gas evolutk^n ceased. 

The pH was adjusted to 8 with 2M sodium hydroxide, and the mixture was diluted with 50 mL of ethyl ether and 50 mL 

of water. The layers were separated, the organic phase was dried (sodium sulfate), filtered and evaporated. Purification 
BO by flash silica gel chromatography with 18:1:0.04 methylene chloride:methanol:conc. ammonium hydroxide gave 31 

mg (9%) of aldehyde. 

[0242] A flame-dried flask containing 30 mg (0.10 mmol) of the above aldehyde in 1 mL of dry THF was chilled to 
-10'C and 0.075 mL (0.15 mmol) of 4-fluorophenyl magnesium bromide (2M in THF) was added. The reaction was 
allowed to warm to room temperature and stirred for 1 h. Water (1 mL), saturated ammonium chtoride (1 mL) and ethyl 
ss ether (5 mL) were added, and the layers were separated. The organic phase was dried (sodium sulfate), filtered and 
evaporated. Purification by flash sllk^a gel chromatography with 24:1 :0.04 methylene chloride:methanol:conc. ammo- 
nium hydroxide gave 1 1 mg (39 %) of the title compound. ^H NMR (CDCI3): 5S0.97-1 .05 (m, 1 H). 1 .23-1 .61 (m, 2H), 
1.64-1.86 (m6H), 2.14-2.23 (m, 1H),: 2.54-2.78 (m, 1H), 2.81-3.02 (m, 3H), 4.49-4.61 (m, 2H), 4.77-4.71 (m, 1H).6.46. 
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(t, J=1 Hz, 1H). 6,97-7.03 (m, 2H), 7.25-7.32 (m, 2H), 8.27 (d, J=1 Hz. 2H). HRMS calcd for C20H25FN4O: 356.2012, 
found: 356.2009. 

EXAMPLE 54 

5 

1 -(4-Fluorophenyl)-2-[(7SR,9aSR)-2-<pyrimidin-2-yl)-2,3,4,6,7,8,9,9a-o^^ H-pyrldo[1 ,2-a]pyrazln-7-yq- 

ethanone 

[0243] 

10 ' 



IS 



20 




[0244] A solution of 38.1 g (117 mmol) of (7SR,9aSR)-7-(methanesutfonyloxy)methyl-2-(pyrimidin'2-yl)- 
2,3,4.6.7,8.9,9a-octahydro-1 ^^pyrido[1 ,2-a]pyrazine (prepared according to United States Patent 5,1 22.525) and 6.01 
9 (122 mmol) of sodium cyanide In 500 mL of dry DMF was heated at 110''C for 16 h. Tlie mixture was cooled to room 

25 temperature, 10 mL of saturatic sodium bicarbonate was added and the mixture concentrated in vacuo. Water (1000 
mL) and ethyl acetate (1000 mL) were added to the solid residue, the pH was adjusted to 11, and the layers were 
separated. The organic phase was washed with water (2x), dried (sodium sulfate), filtered and evaporated. Recrystal* 
ization from ethyl acetate-hexane gave 14.5 g of [(7SR,9aSR)-2-(pyrlmidtn-2-yl)-2,3,4,6,7,6,9,9a-octahydro-1 ^pyrido 
[1,2-a]pyrazin-7-yl]acetonltrile. ""^C NMR (CDCIg): d 19.5. 24.1, 26.9, 31.3, 33.1. 43.6, 48.9, 54.5, 109.8. 119.8. 157.7. 

30 161.4. 

[0245] A solution of 0.200 g (0.78 mmol) of [(7SR,9aSR)-2-(pyrimidin-2-yl)-2. 3,4,6,7,8. 9, 9a-octahydro-1H-pyrido 
[1,2'a]pyrazln-7-yi]acetonitrile in 4 mL of dry THF was treated with 4.3 mg (0.03 mmol) of cuprous bromide and 0.85 
mL (0.65 mmol) of 4-fluorophenyl magnesium bromide (1 M in THF), and the mixture was refluxed for 48 h. The mixture 
was cooled to room temperature, 0.75 mL of water was added carefully followed by 3.5 mL of 15% sulfuric acid. The 

35 mixture was refluxed for 24 h. The reaction was cooled to room temperature, and 1 0% sodium carbonate solution was 
added until gas evolution ceased. Ethyl ether (1 0 mL) was added, the layers were separated, and the aqueous phase 
was extracted with ethyl ether (2 x 1 0 mL). The combined organics were dried (sodium sulfate), filtered and evaporated. 
Purification by flash silica gel chromatography with ethyl acetate:hexane:methanol:conc. ammonium hydroxide (1:1: 
0.01:0.01) gave 30 mg of the title compound. ""^C NMR (CDCI3): d 25.1, 28.3, 29.9, 40.2, 43.7, 49.1, 54.8. 59.1, 61.1, 

40 109.7, 115.4, 115,7, 130.8, 130.9, 134.0, 157.7, 161.5, 164.0. 167.4. HRMS calcd for C20H23FN4O: 354.1856. found: 
354,1847. 

EXAMPLE 55 

4S (7S,9aS)-7'^Substituted-phenoxy)methyi-2-(5-fluoropyrinildln-2-yl)-2,3,4,6,7,8,9,9a-octahydro-1^ 
[1,2-a]pyrazine8 

[0246] : 



55 
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[0247] Compounds of the above formula were prepared according to Example 49 using (7S,9aS)-7-hydroxymethyl- 
2-(5-fluoropyrjmldln-2-yl)-2.3,4,6,7,8,9,9aKx:tahydro-1Ay-pyrido[1,2-a]pyra2ine (Preparation 13) and the appropriate 
phenol. Purification was generally accomplished with flash silica gel chromatography using mixtures of ethyl acetate 
and hexane as the eluting solvent. The stereochemical configuration, 7-(8ub8t(tuted-phenoxy)methyl substituent. melt- 
ing point of the monohydrochlorlde salt, and HRMS data are shown. 

Example 55a 

[0248] (7S,9aS)-7-(4-Fluoro-2-methyl-phenoxy)methyl; mp 237-243 "C; HRMS calcd for C20H24F2N4O: 374.1 91 3. 
found: 374.1874. 



Example 55b 

[0249] (7S.9aS)-7-(3-Cyano-phenoxy)methyl-; mp 209-211 •C; HRMS calcd for CaoHaaFNgO (MH+): 368.1887, 
found: 368.1884. 



Example 55c 

[0250] (7S.9aS)-7-(3-(Carbomethoxy)methyl-phenoxy)methyl-; mp 158-161 •C; HRMS calcd for C22H28FN4O3 
(MH+): 415.2139, found: 415.2123. 

EXAMPLE 56 

(7S,9aS)-7-(Sub8tttued-phenoxy)methyl-2-(5-fluoropyrimldln-2-yl)-2,3A /^pyrido[1 ,2-a] 

pyrazines 

[0251] 




[0252] The following compounds were prepared according to Example 8 from (7S,9aS)-7-hydroxymethyl-2-(5-fluor- 
opyrimidin-2-yl)-2,3.4,6,7,8.9,9a-octahydro-1 H-pyrldo[1 ,2-a]pyrazine (Preparation 1 3) and the appropriate phenol. Pu- 
rification was generally accomplished by flash silica gel chromatography using mixtures of ethyl acetate and hexane 
or mixtures of chloroform and methanol as the eluting solvent. The stereochemical configuration. 7-(substitiited-phe- 
noxy)methyl substituent. melting point of the nrxsnohydrochloride salt and HRMS data are shown. 

Example 56a 

[0253] (7S.9aS)-7-(4-Fluoro-2-trifluoromethylphenoxy)methyl; mp 205-206*»C; HRMS calcd for C20H21F5N4O: 
428.1636, found: 428.1633. 

Example 56b 

[0254] (7S,9aS)-7-(2-Bromo-4-fluorophenoxy)methyl; mp 228-230»C; HRMS calcd for C19H21 BrF2N40: 438.0867, 
found: 438.0862. 



Example 56c 

[0255] (7S,9aS)-7-(2-Carbomethoxy-4-fluorophenoxy)methyl; mp 204-205"C; HRMS calcd for C2iH2iF2N403: 
418.1816, found: 418.1636. 
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Example 56d 

[0256] (7S.9aS)-7-(3,4-DifluorophGno)cy)methyl-: mp 226-227 ^C; HRMS calcd for C19H21 FaN^: 378. 1 667. found: 
378.1640. 

s - . • - 

Example 56e 

[0257] (7S.9aS)-7-(3,5-Difluorophenoxy)methyls mp 208-21 1 •C; HRMS calcd for Ci9H2iF3N40: 378.1 667, found: 
378:i703. . 

10 

Example 56f 

[025q (7S,9aS)-7-(3-Trifluoromethoxyphenoxy)methyl-; mp 180-184 'C; HRMS calcd for C20H23F4N4O2 (MH-i-): 
427.1 757, found: 427. 1 776. 

IS , 

Example 56g . 

[0250] (7S.9aS)-7-(4-Trifluoromethylphenoxy)methyl-; mp 188-193 "C; HRMS calcd for C2oH23F4l'j40 (MH+): 
411.1803. found: 411.1803. 

20 

Example 56h 

[0260] (7S,9aS)-7-(3-Methoxyphenoxy)mGthyl-; mp 229-103 'C; HRMS calcd for C20H26FN4O2 (MH+): 373.2040. 
found: 373.2051. 

25 

Example 561 

[0261] (7S.9aS)-7-(4-Methoxyphenoxy)methyl-; mp 220-224 'C; HRMS calcd for C20H26FN4O2 (MH+): 373.2040, 
found: 373.2055. 

Example 56j 

[0262] (7S,9aS)-7-(4-EthylphGnoxy)methyI-; mp 227-229 "C; HRMS calcd for C21 H28FN4O (MH+): 371 .2247, found: • 
371:2228.- 

35 . 

Example 56k 

[0263] (7S,9aS)-7-(2,4-Difluorophenoxy)methyl-; mp 222-224 'C; HRMS calcd for C19H22F3N4O (MH+): 379. 1 746, 
found: 379.1759. 

40 

Example 561 

[0264] (7S,9aS)-7-(4-Carboexthoxy-phenoxy)methyls mp 230-232 •C; HRMS calcd for C22H28FN4O3 {MH+): 
415.2145, found: 415.2130. 

46 

Example 56m 

[0265] (7S,9aS)-7-(4-Bromo-2-methoxy-phenoxy)methyl-; mp 21 4-216 "C; HRMS calcd for C2oH2sBrFN402 (MH+): 
451.1145, found: 451.1108. 

so 

Example 56n 

. [0266] (7S,9aS)-7-(3,4,5-Trifluoro-phenoxy)methyl-; mp 188-191 »C; HRMS calcd for Ci9H2^F4N40 (MH+): 
397.1651. found: 397.1667. 

55 • J " 

Example 56o 

[0267] (7S,9aS)-7-(3-Nitro-phehoxy)methyl-; mp 114-119 "C; HRMS calcd for Ci9H23FN503 (MH+): 388.1785, 
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found: 388.1799. 
Example 56p 

s [0268] (7S,9aS)-7-(3-Acetamido-phenoxy)methyl-; mp 1 62-1 65 "C; HRMS calcd for Cgi H27FN5O2 (MH+): 400.21 49, - 
found: 400.2131. 

Example 56q 

10 [0269] (7S.9aS)-7-(3-Trifluoromethyl-phenoxy)methyl-; mp 200-202 ^C; HRMS calcd for C20H23F4N4O (MH+): 
411.1808, found: 411.1781. 

Example 56r 

IS [0270] (7S,9aS)-7-(3-Carbomethoxy-phenoxy)methyl-; mp 225-226 "C; HRMS calcd for C2iH^6FN403 (MH+): 
" 401.1989, found: 401.1989. 

' t . ■' 

Example 56s ' . . " . 

20 [0271] (7S.9aS)-7-(3-(4-Morpholino)-phenoxy)methyl-; mp 233-236 •C; HRMS calcd for CaaHaiFNgOg (MH+): 
428.2462. found: 428.2477. 

Example 56t 

2S [0272] (7S.9aS)-7-(3-(1,1-Dimethyl)ethyl-phenoxy)methyl-; mp 252-254 ''C; HRMS calcd for C23H32FN40 (MH+):^ 
399.2560, found: 399.2528. 

Example 56u . « . • 

30 [0273] (7S.9aS)-7-(4-Fluoro-2-propyl-phenoxy)methyl-; mp 165-170 "C; HRMS calcd for C22H28F2N4O: 402.2225, 
found: 402.2183. 

Example 56v 

55 [0274] (7S,9aS)-7-(3-Methyl-phenoxy)methyl-; mp 90-92 »C; HRMS calcd for C20H26FN4O (MH+): 357.2091 , found: 
357.2088. 

Example 56w 

40 [0275] (7S,9aS)-7-(3-DlmethyIamino-phenoxy)methyl-; mp 21 6-220 (dec); HRMS calcd for C21 H29FNSO (MH+): 
386.2356. found: 386.2368. 

Example 56x 

4S [0276] (7S,9aS)-7-(2-Methoxy-3-(1-methyl)ethyl-phenoxy)methyl-: mp 221-223 (dec); HRMS calcd for 
C23H32FN40^ (MH+): 415.2505, found: 415.2467. 

Example 56y 

so [0277] (7S,9aS)-7-(4-Acetamid6-phenoxy)methyl-: mp 220-223 'C; HRMS calcd for C21 H27FN5O2 (MH+): 400.21 43, 
found: 400.2136. 
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EXAMPLE 57 

(7S,9aS)-7KSub8tltued-phenoxy)methyl-2-(5-ehloropyrldln-2^l>-2,3A67,8,9^^ 
pyrazines 

[027q 




[02791 Compounds of the above formula were prepared according to Example 8 from (7S,9aS)-7-hydroxymethyl-2- 
(5-chloropyridin-2-yl)-2,3.4,6.7,8,9,9a-octahydro-1H-pyrido[1,2-a]pyra2ine (Preparation 14) and the appropriate phe- 
nol. Purification was generally accomplished by flash silica gel chromatography using mixtures of ethyl acetate and 
hexaneor mixtures of chloroform and methanol as the eluting solvent. The stereochemical configuration, 7-(substituted- 
phenoxy)methyl substituent, melting point of the monohydrochloride salt and HRMS data are shown. • 

Example 57a 

[0280] . (7S,9aS)-7-(4-Fluorophenoxy)methyl; mp 244-249*C; HRMS calcd for C20H23CIFN3O: 375.1608, found: 
375.1490. 

Example 57b \', 

[0281] (7S.9aS)-7-(3.5-Dlfluorophenoxy)methyl; mp230-233»C; HRMS calcd for C20H22CIF2N3O: 393.1 41 4, found: 
393.1389. 

PREPARATION 1 

(7R,9aS)-7-Hydroxym0thyl-2,3,4,6,7,8,g,9a-oetahydro-1 M^yrldo[1 ,2-a]pyrazine.2HCI 
[0282] 




[0283] A solution of 4.0 g (15 mmol) (7R,9aS)-2-BOC-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-1 H-pyrido[1 .2-a] 
pyrazine (WO 93/25552) in 40 mL of chloroform was treated with excess HCI(g) in ether. After stirring for 1 h, the 
solvent was evaporated to give 3.1 g (86%) of the hygroscopic dihyrochlorlde salt which was used without further 
purification in subsequent reactions, '•^c NMR (-2 HCI, d-6 DMSO): 6 26.9. 28.8. 30.5. 44.9, 50.6, 54.7, 59.0. 61.1, 
64.5. HRMS calcd for CgHigNp: 170.1419. found: 170.1414. 
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PREPARATION 2 



(7S,9aS)-7-Hydroxymethyl-2,3,4,6,7,8,9,8a^tahyclro-1 /fpyrlclo[1 ,2-«]pyrazlne 



[0284] 



HO 




[0285] A solution of 5.84 g (21 .6 mmol) of (7S,9aS)-N-BOC-7-hydroxymethyl-2,3.4,6,7,8,9,9aoctahydro-1 H-pyrido 
[1 ,2-a]pyrazine (WO 93/25552) In 140 mL of trifluoroacetic acid and 60 mL of water was stirred at room temperature 
for 16 h. The mixture was concentrated and the residue dissolved in water The aqueous phase saturated with solid 
sodium carbonate and extracted with chloroform (3x). The combined organic layers were dried (magnesium sulfate), 
filtered and evaporated to give 3.39 g (92%) of the title compound. This material was used without further purification 
for subsequent reactions. i^C NMR (base, d-g DMSO): 524.8, 25.1, 36.0, 45.7. 51.9, 56.1. 56.7. 62.0. 62.7. 

PREPARATION 3 

(7RS,9aSR)-7-Hydroxymethyl-2Kpyrlmldin-2-yl)-2,3,4,6 J3,9,9a-octahydro^ H-pyrldo[1 ,2-a]pyrazlne 



[0287] A mixture of 4.5 g (26 mmol) of (7RS,9aSR)-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-1rt-pyrido[1.2-a] 
pyrazine (US Pat. 5.326,874), 3.6 g (26 mmol) of 2-chloropyrimidine, and 6.7 g (63 mmol) of sodium carbonate in 100 
mL of water is heated at 95"C for i 6 h. The mixture was cooled to room temperature, extracted wrth methylene chloride 
(3x), the combined organic layers were washed with water and brine, dried, filtered and evaporated to give 4.68 g 
(72%) of the title compound which was used without purification in subsequent reactions. 

PREPARATION 4 

(7R,9aS)-7-Hydroxym6thyh2,3,4,6,7,8,9,9a-oetahydi^2-<pyrlmldln-2-yl)-1>^py^^^^ 



[0289] A mixture of 2.52 g (14.8 mmol) of (7R,9aS)-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a] 



[0286] 




[0288] 
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pyrazlne (Preparation 1 ), 1 .70 g (14.8 mmol) of 2-chloropyrimidine and 6.91 g (65,2 mmol) of sodium carbonate in 150 
mL of water was heated at 90°C for 16 h.; then cooled and extracted with chloroform (3x). The organic layer was dried 
(magnesium sulfate), filtered and evaporated to give 3.25 g (89%) of the title compound which was used without pu- 
rification in subsequent reactions. 

5 

PREPARATIONS 

(7Rp9aS>-7-Hydroxym0thyh2K5-fluoropyrlmldln-2-yl)-2,3,4,6,7,8,9,9a-o^ 
10 [Q290] 



15 



20 




[0291] A solution of 4.41 g (18.2 mmol) of (7R,9aS)-7-hydroxymethyl-2,3,4,6,7,8,9,9a-octahydro-1H-pyrido[1,2-a] 
pyrazine dihyrochloride (Preparation 1), 3.78 g (28.5 mmol) of 2-chtoro^-fluoropyrlmidine (B. Baasner, E. Klauke J. 
Fluroine Chem., 1989, 45, 417-430), and 9.07 g (85.6 mmol) of sodium carbonate in 180 mL of water were heated at 
25 g5*C for 1 6 h. The mixture was cooled to room temperature, extracted with chloroform (2x), dried (magnesium sulfate), 
filtered and evaporated. Purification by flash chromatography on silica gel using 95:5 chloroform: methanol gave 5.56 
g (81%) of title compound, mp 148-149.5*C. ^^C NMR (CDCI3): 8 26.8. 29.0. 39.1 . 44.2. 49.7, 54.8, 58.7, 60.8. 66.2. 
145.0, 145.3, 149.9. 153.2. 158.7. Anal calcd for Ci3Hi9FN40: C, 58.63; H. 7.19; N, 21.04; found: C, 58.36; H, 7.18; 
N, 20.87. 

30 

PREPARATIONS 



(7RS,9aSR)-741ydroxyiTiethyl-2,3,4,67,8,9,9a-oetahyciro-2<<5-fluoro-4-thlom 
[1,2'«]pyrazlne 

3S 

[0292] 



HO 

40 



4S 



[0293] The title compound was synthesized according to Preparation 5 from (7RS,9aSR)-7-hydroxymethyl- 
2,3,4,6,7,8,9,9a-octahydro-1H.pyrido[1,2-a]pyrazine (US Pat. 5,326.874) and 2-chloro-5-fluoro-4-thiomethylpyrimi- 
dine (Uchytilova, V; Holy, A.; Cech, D.; Gut. J. Co//. Czech. Chem. Commun., 1975. 40, 2347. Ueda, T; Fox, J. J. J. 
so Med. Chem., 1963, 6, 697), and was used for subsequent reactions without purification. 



55 
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PREPARATION 7 

(7R,daS)-2-BOC-7-(4-Fluorophenoxy)methyl-2,3 A6i7,8,9,9a-oetahydro-1 /f pyr ldo[1 ,2-a]pyrazlne 
s [0294] 




[0295] A solution of 12.0 g (44.4 mmol) of (7R,9aS)-2-BOC-7-hydroxymethyl-2,3.4,6.7.8.9,9a-octahydro-1 pyrido 
[1 .2-a]pyrazlne (WO 93/25552), 7.47 g (66.7 mmol) of 4-fluorophenol, 14.0 g (53.3 mmol) of triphenylphosphlne in 450 
mL of THF was treated with 8.40 mL (53.3 mmol) of diethyl azodicarboxylate and stirred at room temperature for 16 

20 h. The mixture was diluted with ethyl acetate and treated with HCI(g) in ethyl ether until precipitation ceased. The 
solvent was evaporated and the solid residue was repeatedly washed with 1:1 ethyl acetate:ethyl ether. The residue* 
was dissolved in chloroform and washed with 15% NaOH. The organic phase was dried (magnesium sulfate), filtered 
and evaporated to give 15.9 g of yellow-white crystals. The crude product was dissolved in 1 :1 hexane:ethyl acetate 
and filtered through a plug of silica gel to give 1 3.3 g (82%) of the title compound, mp 90-92*C. i^C NMR (CDCI3): 8 

2S 26.9. 28.4, 28.8, 54.8, 58.7, 60.8, 71.6, 79.7, 115.33, 115.44, 115.58, 115.89, 154.6. 155.1, 155.6, 158.8. Anal calcd 
for C^HgaFNgOg: C, 65.91 ; H, 8.02; N, 7.69; found: C, 65.90; H, 8.06; N, 7.77. 

PREPARATIONS 

30 (7R,9aS)-7-(4-Fluorophenoxy)methyl-2,3,4,6,7,8,9,9a-octahydro-1H-pyrldo[1,2-a]pyra2lne 
[0298] 



3S 



40 




[0297] A solution of 44.4 g (122 mmol) of (7R,9aS)-2-BOC-7-(4-fluorophenoxy)methyl-2.3.4,6.7,8,9.9a-octahydro- 
1 H-pyrido[1 ,2-a]pyrazine (Preparation 7) in 500 mL of trifluroacetic acid and 200 mL of water was stirred at room 

45 temperature for 16 h. The mixture was concentrated by evaporation, the residue dissolved in water, basified with 15% 
NaOH, and extracted with ethyl acetate (2x). The organic layers were dried (magnesium sulfate), filtered and evapo-' 
rated tOrgive 31.4 g (96%) of (7R,9aS)-7-(4-fluorophenoxy)methyl-2.3,4,6,7.8.9,9a-octahydro-1H-pyrldo[1,2-a]pyra- 
zine which was suitable for use in subsequent reactions. Purification of a 0.40 g sample by flash silica gel chromatog- 
raphy eluting with 90:10 chloroform: methanol gave 0.38 g of colorless crystals, mp (-2 HCI) 200-201*C. NMR ' 

so (base, CDCI3): 5 27.2, 29.1. 36.3, 45.9, 51.9. 56.0. 59.1, 62.5, 71.7, 115.4 (d, JcF= 8). 115.7 (d. Jc^= 23). HRMS 
calcd for C16H21FN2O: 264.1638,^found: 264.1660. 
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PREPARATION 9 



(7S,OaR)-7-(4-Fluorophenoxy)m0thyl-2,3A6,7,8,9,9a-oetahydro-1/fpyrldo[1,^^ .2HCI ; . 



[0298] 




•2HCI 



[0299] A solution of 0.39 g (1.4 mmol) of (7S,9aR)-2-BOC-7-hydroxymethyl-2,3,4,67.8,9,9a<>ctahyclro-1H-pyrido 
[1 .2-a]pyra2ine, 0.24 g (2.2 mmol) of 4-fluorophenpl and 0.45 g (1 .7 mmol) of triphenyl phosphine In 20 mL of dry THF 
was treated with 0.27 mL (1.7 mmol) of diethyl azodicarboxylate, and stirred at ambient temperature for 16 h. The 
solution was diluted with ethyl acetate and treated with excess HCI(g) in ethyl ether. The solvent was evaporated and 
the white, solid residue was washed with 1:1 ethyl acetate:ethyl ether. The solid remaining was dissolved in chloroform' 
and washed with 1M NaOH, dried (magnesium sulfate), filtered and evaporated to give 0.46 g of (7S,9aR)-2-BOC-7- 
(4-fluorophenoxy)methyl-2,3.4,6,7,8,9,9a-octahydro-1 W-pyrldo[1 ,2-a]pyrazine. 

[0300] A solution of 0.44 g (1.2 mmol) of (7S,9aR)-2-BOC-7-(4-fluorophenoxy)methyl-2,3,4,6,7,8,9,9a-octahydro- 
1 H-pyrido[1,2-a]pyrazine In 25 mL of chloroform was treated with excess HCI(g) in ethyl ether and stirred at ambient 
temperature for 2 h. The solvent was evaporated to give 0.40 g of title compound as the dihydrochlorlde salt which 
was used for subsequent reactions without purification. 

PREPARATION 10 

(7R,9aR)-7-(4-Fluorophenoxy)mQthyl-2,3,4,6,7,8,9,9a-^tahydro-1/fpyrldo[1,2-a]py^^^ 



[0302] A solution of 0.71 g (2.63 mmol) of (7R.9aR)-2-BOC-7-hydroxymethyl-2,3,4,6,7,8,9,9a-cctahydro-1 H-pyrido 
[1,2-a]pyrazlne, 0.44 g (3.94 mmol) of 4-fluorophenol and 0.83 g (3.16 mmol) of triphenylphosphine in 25 mL of THF' 
was treated with 0.50 mL (3.16 mmol) of diethyl azodicarboxylate and stirred at ambient temperature for 16 h. The 
solvent was evaporated, the residue dissolved In ethyl acetate and washed with 1 M NaOH (2x). The organic layer was 
dried (magnesium sulfate), filtered and evaporated. Purification by flash chromatography with 75:25 ethyl acetate: 
hexane gave 0.5 g of a sticky solid. This material was dissolved in chloroform, washed with 1 M NaOH, dried (magnesium 
sulfate), filtered and evaporated to give 0.20 g of (7R.9aR)-2-BOC-7-(4-fluorophenoxy)methyl-2,3,4,6,7,8,9,9a-octahy- 
dro-1 H^yrldo[1 .2-a]pyra2ine. 

[0303] A solution of 0.20 g (0.55 mmol) of (7R,9aR)-2-BOC-7-(4-fluorophenoxy)methyl-2,3,4,6,7,8,9,9a-octahydro- 
1 H-pyrido[1 ,2-a]pyra2ine in 1 0 mL of trifluoroacetic acid and 3 mL of water was stirred at ambient temperature for 4 h. 
The mixture was concentrated in vacuo and the residue diluted with water. The solution was adjusted to pH 12 with 
15% NaOH, and extracted with ethyl acetate (2x); The organic phase was dried (magnesium sulfate), filtered and 
evaporated to give 0.149 g of the title compound which was used without further purification for subsequent reactions. 



[0301] 



F- 
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PREPARATION 11 

(7RS,9aSR)-7-Hydroxyinethyl-2,3,4,673,9,9a-oetahydro-2-(pyrM H^pyrldo[1,2-a]pyrazine 
5 [0304] 



70 



IS 




[0305] A mixture of 1 .0 g (5.9 mmol) of (7RS.9aSR)-7-hydroxymethyl-2,3,4,6.7.8,9,9a-octahydro-1 Afpyrido[1 ,2-a] 
pyrazine (US Pat. 5.326,874); 4.6 g (29 mmol) of 2-bromopyridine, 1.5 g (14 mmol) of sodium carbonate and 50 mL 
of isoamyl alcohol were refluxed for 18 h. Tlie mixture was cooled to room temperature, filtered, and concentrated in 
20 vacuo. The residue was dissolved in ethyl acetate and washed with saturated sodium carbonate. The organic layer 
was dried (magnesium sulfate), filtered and evaporated, and the crude product was purified by flash chromatography, 
on silica gel eluting first with chloroform followed by 95:5 chloroform:methanol to give 0.61 .g (42%) of the title 
compound. i^C NMR (base. CDCI3): 626.8. 29.0, 39.0, 45.1, 50.7. 54.8, 58.7. 60.8. 66.0. 107.1. 113.3. 137.5. 147.9. 
159.3. 

25 

PREPARATION 12 

3-[(7Ri0aS)-2,3,4,6,7,8,9,8a4Jetahydro-1 H>pyr ldo[1 ,2-a]- pyrazin*7-ylmethy q-3/MMnzoxazol-2-on9 . 
30 [0306] 



o 



35 




40 

[0307] A solution of 5.0 g (18.5 mmol) of (7R,9aS)-2-BOC-7-hydroxymethyl-2,3,4.6.7,8,9.9a-octahydro-1 /fpyrido 
[1 ,2-a]pyrazine (WO 93/25552) and 2.84 mL (20.4 mmol) of trjethylamlne In 200 mL of dry methylene chloride was 
chilled to 0*C and treated with a solution of 1 .50 mL (1 9.4 mmol) of methanesulfonyl chloride in 75 mL of methylene 
chloride. After 1 h, the mixture was diluted with water, basified to pH 12 with 15% sodium hydroxide, the layers were 

45 separated, and the aqueous layer extracted with methylene chloride. The combined organic phase was washed with 
brine, dried (magnesium sulfate), filtered and evaporated the give 6.4 g (100%) of mesylate. 
[0308] A solution of 7.00 g (51 .8 mnriol) of 2-benzoxa2olinone In 180 mLof DMF was treated with 2.05 g (51 .3 mmol) 
of sodium hydride (60% oil dispersion) and the mixture stirred at 50'C for 1.5 h. The heat source was temporarily 
removed, a solution of 6.4 g (18 mmol) of the above mesylate in 180 mL of DMF was added and the mixture heated 

60 at 1 0O'C for 2 h. The reaction was cooled to room temperature, diluted with water, acidified to pH 2 with 6M hydrochloric 
acid and washed with ethyl acetate (2x). The pH was adjusted to 12 with cone, ammonium hydroxide and the aqueous 
phase extracted with ethyl acetate (3x). The combined organics were dried (magnesium sulfate), filtered and evapo- 
rated.^ Purification by flash silica gel chromatography with ethyl acetate gave 3,55 g (50%) of 3-((7Ri9aS)-2-BOC- 
2,3,4,6,7,8,9,9a-octahydro-1 Af pyrido[1 ,2-a]-pyrazin-7-ylmethyl]-3H-benzooxa20l-2-one. 

55 [0309] A solution of 3.1 g (8.01 mmol) of 3-[(7R,9aS)-2-BOC-2,3,4,6.7,8,9.9a-octahydro-1H-pyrido[1.2-a]-pyrazin- 
7-ylmethyl]-3H-benzooxazoh2-one in 40 mL of chloroform was stirred with excess HCI (g) In ethyl ether for 2 h at 
ambient temperature. The solvent was evaporated to give 2.3 g (100%) of the title compound dihydrochlorlde which' 
was used for subsequent reactions without further purification. 
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PREPARATION 13 

(7S,9aS)-7-Hydroxymethyl-2K5-fluoropyrlmldln-2-yl)-2,3,4,6J,8,9,9a<>eta^ 
s [0310] 



10 



IS 




[0311] . A mixture of 2.31 g (13.6 mmol) of (7S,9aS)-7-hydroxym8thyl-2.3,4,6J,8,9,9a-octahydro-1/^pyrido[1,2-a] 
pyrazine (Preparation 2), 1 .98 g (15,0 mmol) of 2-chloro-5-fluoropyrimidine (B. Baasner, E. Klauke, J. Fluorine Chem., 
1989, 45, 417), 4.32 g (40.8 mmol) of sodium carbonate and 50 mL of water was heated at reflux for 16 h. The mixture, 
20 was cooled to room temperature and extracted with chloroform (3x). The combined organic layers were dried (mag- 
nesium sulfate), filtered and evaporated. Purification by flash silica gel chromatography with 95:5 chloroform: methanol * 
gave 2.7 g (75%) of the title compound, mp (base) 111-11 2'»C. 1 3C NMR (base, CDCI3): 6 26.6, 27.3, 34.2, 44.3, 49.8, 
54.8. 58.8. 60.7. 68.2, 145.0, 145.3, 149.9, 153.2, 158.6. HRMS calcd for C^gH^oFMp: 266.1543, found: 266.1530. 

25 PREPARATION 14 

(7S,9aS)-7-Hydroxynriethyl-2-(5K^hloropyrldln-2-yi)-2,3 A6,7,8,9,9a-M /H>yrido[1 ,2-a]pyrazine 

[0312] 



3S 




40 - ' ■ ' ■ \ ■ 

[031 3] A mixture of 2.5 g (10/3 mmol) of (7S,9aS)-7-hydroxymethyl-2,3,4.6,7,8,9.9aoctahydro-1 H-pyrido[1 ,2-a]pyra- 
zine dihydrochloride, 7.62 g (51.5 mmol) of 2,5-dichloropyridine, 5.45 g (51.5 mmol) of sodium carbonate and 100 mL 
of isoamyl alcohol was heated at reflux for 72 h. The mixture was cooled, the mixture filtered to remove solids and the 
solvent evaporated in vacuo. Purification by flash silica gel chromatography using 95:5 chloroform: methanol gave 1 .72 
4S g (59%) of the title compound, mp (base) 61 -62*C. i^C NMR (base, CDCI3): S 26.6, 27.2, 34.3, 45.4, 50,9, 54.6, 58.4, 
60.5, 68.0, 107.7, 120.1, 137.1, 146.2, 157.5. HRMS calcd for C^4H2oCIN30: 281.1295, found: 281.1298. 



SB 
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PREPARATION IS 

(7R,9aSy-7-Hydraxymethyl-2-(5-chloropyrldin-2-yl)*2,3,4,6,7,8,9,d^ 
[0314] 



HO' 



CI 

[0315] A mixture of 1.35 g (5.56 mmol) of (7R,9aS)-7-hydroxymethyl-2, 3,4,67,8,9, 9a-octahydro-1H-pyrido[1.2-a] 
pyrazlne dihyrochtoride (Preparation 1). 4.11 g (27.8 mmol) of 2,5-dk5hloropyrldine. 2.94 g (27.8 mmol) of sodium 
carbonate and 60 mL of Isoamyl alcohol was heated at reflux for 48 h. The mixture was cooled and the solvent removed 
in vacuo. Purification by flash silica gel chromatography with 95:5 chloroform: methanol gave 1 .02 g (65%) of the title 
compound, mp (base) 1 39.0-1 40.5«C. NIS/IR (CDCIa): 5 26.8, 29.1. 39.1, 45.3, 60.8, 54.6. 58.6. 60.6, 66.2, .107.7. 
120.1, 137.1, 146.2, 157.6. 



Claims 

1. A method of treatment of a disease or condition which is caused by a disorder of the serotonin system which 
comprises administering to a mammal in need of such treatment a compound of the formula 



Ar^_(CH2)„ 




Ar^ 

wherein Ar Is phenyl, naphthyl, benzoxazolonyl. indolyl, indolonyl, benzimidazoiyi, quinolyl, furyl, benzofuryl, 
thienyl, benzothienyi, oxazoiyi, benzoxazoiyi; 

Ar"" is phenyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl; 
A is O, S. SO. SO2, C=0, CHOH, or -(CR^R*)-; 
n is 0, 1 or 2; 

each of Ar and Ar"" may be Independently and optionally substituted with one to fou r substituents Independently 
selected from the group consisting of fluoro, chloro, bromo, iodo. cyano, nitro, thiocyano, -SR, -SOR, -SO^R, 
.-NHSO2R. -(Ci-C6)alkoxy, -NRIR2, -NRCORI, -CONRIR2, Ph. -COR, COOR. -(Ci-C6)aikyl. trifiuoromethoxy, 
and -(Ci-Cg)alkyl substituted with one to six halogens, -(C3-C8)cycloallcyl, or trifiuoromethoxy; 
each and every R, R1, and R2 Is independently selected from the group consisting of hydrogen, -(Ci-Cgjalkyl, 
-(CrCe)alkyl substituted with one to thirteen halogens selected from fluorine, chlorine, bromine and iodine, 
phenyl, benzyl, -(C2-Ce)alkenyl, -(C3-Ce)cycloalkyl, and -(C^-Ce)alkoxy; 

each and every R^ and R^ is independently selected from a group consisting of hydrogen, methyl, ethyl, rh 
propyl, and ^propyl; or a 

idiastereomerlc or optical isomers thereof ; or a < 
pharmaceutically acceptable salt thereof. 



2. A method of claim 1 wherein Ar is phenyl,' naphthyl, benzoxazolonyl, indolyl, indolonyl, benzimidazoiyi, or quinolyl; 
Are is phenyl, pyridinyl, pyridazinyl, pyrimidinyl, or pyrazinyl; A is O, S, or CHgi n is 0 or 1 ; and wherein Ar and Ar^ . 
are independently and optionally substituted with up to three substituents independently selected from the group 
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consisting of fluoro, chloro. nitro, cyano, -NRiR2, -(Ci^Cgjalkoxy, -COOR, -CONR^RS, and -(Ci-Cs)alkyl. 

A method of claim 2 wfierein Ar Is optionally substituted phenyl; Ar"" is optionally substituted and is selected from 
phenyl, pyridinyl, and pyrlmidinyl; A is O; and n is 1 . 

A method of claim 3 wherein Ar^ is 5-fluoro-pyrimidin-2-yl or pyrlmidin-2-yl. 

A method of claim 1 wheireiri the corhpound of formula I Is selected from: 

(7S,9aS)-7-((3-Methyl-phenoxy)methyl-2-(5-fluoropyrimidin-2-yl)-2.3,4,67,8,9,9aK)ctahydro-1^^ ' 
[1,2-a]pyra2ine; 

(7S,9aS)-7-(3-carbomethoxy-phenoxy)methyl-2-(54luoropyrimidin-2-yl)-2.3.4,6J,B,9,9a-octe^ 
do[1,2-a]pyrazine; 

(7S,9aS)-7-(3-nitro-phenoxy)methyl-2-(5-fluoropyrlmldin-2-yl)-2,3,4,67.8,9,9a-octahydro-1H^^ 
pyrazine; 

(7S,9aS)-7-(3-cyano-phenoxy)methyl-2-(5-fluoropyrlmidln-2-yl)-2,3.4.67,8,9.9a-octahydro-1f^ 
pyrazine; 

(7S,9aS)-7-(3-methoxy-phenoxy)methyl-2-(5-fluoropyrimldln-2-yl)-2,3,4,67,8,9.9a-^ 
; [1,2-a]pyrazine; 

(7S,9aS)-7-(3-acetamidp7phenoxy)methyl-2-(5-fluoropyrimidln-2-yl)-2,3,4,67,B,9,9a-octahydro-1^ 
[1,2-a]pyrazine; 

(7S,9aS)-7-(3-(1 , 1 Hdimethyl)ethyl-phenoxy)methyl-2-(5-fluoropyrimldin-2-yl)-2,3,4.6 J,8.9,9a-octahydro-1 H- 
pyrido[1 ,2-a]pyrazlne; 

and pharmaceutically acceptable salts thereof. 

A method of treating a disorder or condition selected from the group consisting of migraine, headache, cluster 
headache, anxiety, depression, dysthymia, major depressive disorder, panic disorder, obsesslve-cornpulslve dis- 
order, posttraumatic stress disorder, avoidant personality disorder, borderline personality disorder, phobia, a dis- 
order of cognition, a memory disorder, a learning disorder (including age related memory disorder), a neurode- 
generative disease (including Alzheimer's disease), anxiety and/or depression associated with senile dementia or 
Alzheimer's disease, cancer (including prostate cancer), cerebral infarct (including that caused by stroke, ischemia 
or traumatic head injury), a sexual disorder, dizziness, an eating disorder, pain, chemical dependency or addtetion. 
peptic ulcer, and attention deficit hyperactivity disorder in a mammal, comprising administering to said mammal 
an amount of a compound of the formula 



Ar_A-(CH2)n 




wherein Ar is phenyl, naphthyl, benzoxazolonyl, indolyl, indolonyl; benzimidazolyl, quinolyl, furyl, benzofuryl, 
thienyt, benzothienyl, oxazolyl, benzoxazolyl; 

Ar^ is phenyl, pyridinyl. pyridazinyl, pyrimidinyl, pyrazinyl; 
A is O, S, SO, SO2, C=0, CHOH, or -(CR^R*)-; 

n is 0, 1 or 2; ; 
isach of Ar and Ar^ may be independently and optionally substituted with one to four substituents independently 
selected from the group consisting of fluoro, chloro, bromo, iodo, cyano, nitro, thiocyano. -SR, ^-SOR, -SO^R, 
-NHSO2R, -(Ci-C6)alkoxy, -NRiR2, -NRCORi, -CONR1R2, Ph, -COR, COOR, -(Gi-C6)alkyl, trifluoromethoxy, 
and -(Ci-Ce)alkyl substituted with one to six halogens, -(C3-C6)cycloalkyl, or trifluoromethoxy; 
each and every R, R^ and R^ is independently selected from the group consisting of hydrogen, -(Ci-Ce)alkyl, 
-(CrCB)alkyl substituted with one to thirteen halogens selected from fluorine, chlorine, bromine and k>dine, 
phenyl, benzyl, -(C2-Ce)alkenyl, -(C3-Ce)cycioaikyl, and -(Ci-Ce)alkoxy; 

each and every R^ and R^ is Independently selected from a group consisting of hydrogen, methyl, ethyl, n- 
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propyl, and Apropyl; or a 

diastereomerlc or optical Isomers thereof; or a 

pharmaceutlcally acceptable salt thereof; effective to treat said disorder or condition. 

7. A method of claim 6 wherein the compound of formula I is selected from: 

(7S.9aS)-7-((3-M8thyl-phenoxy)methyl-2-(6-fIuoropyrimidin-2-yl)-2,3,4.6J,8,9.9a<)Ctahydro-1/^^^^ 
[1 ,2'a]pyrazin0; 

(7S,9aS)-7-(3-carbomethbxy-phenoxy)methyi-2-(5-fluoropyrimldin-2-yl)-2,3,4,6J,8,9,9a-^ 

do[1,2-a]pyraz[ne; 

(7S.9aS)-7-(3-nltro-phenoxy)methyl-2-(5-fluoropyrlmidln-2-yl)-2,3.4.67.8.9,9a-octahydro-1H^pyrldo[ 
pyrazine; 

(7S,9aS)-7-(3H:yanb-phenoxy)methyl-2-(5-fluoropyrlmidin-2-yl)-2,3,4,67.8,9,9a<)ctahydr 
pyrazine; ; . 

(7S,9aS)-7-(3-methoxy-phenoxy)methyl-2-(5-fluoropyrimidln-2-yl)-2.3,4,6,7,8,9,9a-octahydro-1 H-pyrido^ 
[1 ,2-a]pyrazine; 

(7S,9aS)-7-(3-acetamido-phenoxy)methyl-2-(5-fluoropyrlmldin-2-yl)-2,3,4,6J,8,9,9a-octahydr^^ 
[1 .2-a]pyrazlne; 

(7S,9aS)-7-(3-(1 , 1 <Jimethyl)ethyl-phenoxy)methyl-2-(5-fluoropyrimldin-2-yl)-2.3.4.67.8,9,9a<)cta H- 
pyrldo[1,2-a]pyrazine; ; 

and pharmaceutlcally acceptable salts thereof. 

8. A method according to claim 6 wherein the disorder or condition being treated Is anxiety, depression, dysthymia, 
major depressive disorder, panic disorder, obsessive-compulsive disorder, posttraumatic stress disorder, avoidant 
personality disorder, borderline personality disorder, or phobia. 

9. A method according to claim 6 wherein the disorder or condition being treated Is a disorder of cognition, a memory 
disorder, a learning disorder (including age related memory disorder), or a neurodgenerative disease (Including 
Alzheimer's disease). ' 

10. A method according to claim 6 wherein the disorder or condltbn being treated is cerebral infarct (Including that 
caused by stroke, ischemia or traumatic head injury). 
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